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PREFACE 


The AMC MACRO8000 macroassembler can assemble programs targeted for 
either the AmZ8001 or the AmZ8002, the two members of the AmZ8000 
microprocessor family. 


- MACRO8000 supports many features usually associated with high-level 
languages. For example, an IF...THEN..-ELSE constructs is available. 
Familiarity with a high-level language is therefore useful for readers 
of this manual. 


Creation of AmZ8000 programs requires knowledge of the processor 
instruction set and the linker, as well as the macroassembler. The 


following documents contain information on the first two topics. 


AmZ8001/2 Processor Instruction Set (AMD) 
LINK8000 User’s Manual (publication number 00680148) 


The notations used in this manual are: 


UPPERCASE In syntax indicates a name that is specified as 
shown. 
lowercase In syntax indicates that a name or value must be 


supplied by the user. 


eee In syntax indicates that an item can be repeated. 
° In examples indicates that some part of the program 
: is not shown. 

NOTE 


The information in this publication is intended to 

be accurate in all respects. However, Advanced 
, Micro Computers disclaims responsibility for any 

errors and any consequences resulting from errors. 

This product is intended for use as described in 
: | this manual. 
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CHAPTER 1 
OVERVIEW OF MACRO8000 


AMC MACRO8000 uses AmZ8000 source files as input and produces output 
files containing either absolute or relocatable code. Relocatable 
output files must be further processed by the AMC linker, LINK8000. 
Code produced by MACRO8000 can be targeted to run on either the AmZ8002 
or the AmZ8001. 


1-1. The AmZ8000 PROGRAMMING ENVIRONMENT 


The AmZ8000 programming environment is determined by the answer to one 
fundamental question: 


Does the source program or program module use any segmented 
addresses? 


A segmented address is represented by a pair of numbers, a /-bit 
segment number and a 1l6-bit offset; it is stored in a 32-bit register 
pair. A non~-segmented address, on the other hand, is represented by a 
single, l6-bit number; it is stored in a word register. Segmented 
addresses can be used only by the AmZ8001, while non-segmented 
addresses can be used by either the AmZ8001 or the AmZ8002. (A bit in 
the FCW of the AmZ8001 controls the type of addresses it uses. See the 
AmZ8001/2 Instruction Set Manual for more details.) 


When the assembler is invoked, the S option controls the programming 
environment. If the S option is not chosen, the output code will use 
exclusively non-segmented addresses. If the S option is chosen, the 
output code may use segmented addresses as well as non-segmented 
addresses, and the code must be run on an AmZ8001. If the S option is 
not chosen, the code will usually be run on an AmZ8002 (although with a 
user-supplied loader it is possible to run the code on an AmZ8001). 
Hereafter in this manual and in the LINK8000 User’s Manual, we will use 
such phrases as "targeted for the AmZ8001" or "AmZ8001 code" to mean 
that the S option has been chosen, and conversely, we will use 
"targeted for the AmZ8002" or "AmZ8002 code" to mean that the S option 
has not been chosen. Chapter 5 contains a discussion of segmented an 
non-segmented addresses and how users can specify which kind is 
generated by the assembler. | 


If the S option is chosen, relocatable code is produced, but either 
relocatable or absolute code may be produced if the S option is not 
chosen. Relocatable code must be further processed by the linker, 
while absolute code may be immediately downloaded to the target 
processor. 
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An absolute output file is produced when a PROGRAM directive appears at 
the beginning of the source file (see section 3-1). Absolute files are 
produced in either binary (AMC Bin) format or Intel Hex format (see 
appendixes D and E), depending on whether the B or H option is chosen 
when the assembler is invoked. Hex and binary files can be used as 
input by PROM burning software. Binary files can also be downloaded to 
the Am95/4016 Evaluation Board or to user configured AmZ8002 systems, 
or used as input to RTE16, the AMC Real Time Emulator. 


A relocatable output file is produced when a MODULE directive appears 
at the beginning of the source file and the O option is selected when 
the assembler is invoked. This directive usually indicates that the 
source file contains one module of a program having one or more 
separately-assembled modules. However, all source files targeted for 
an AmZ8001 must use the MODULE directive, even if they contain single, 
monolithic programs. Relocatable files must be processed by the 
linker, LINK8000, before they can be executed. The linker takes one or 
more relocatable files and combines them into a single absolute file 
(either binary or hex format) that can be used for PROM burning or 
downloading. See the LINK8000 User’s Manual for more details. Figure 
1-1 illustrates all the possible paths from source file to absolute 
file. 


1-2. SOURCE PROGRAM 


Input lines on the source file may be up to 96 characters in length. 
Lower case characters are treated as upper case characters. 


The line numbers produced by the EDIT text editor are recognized but 
ignored for the purpose of user program assembly. 


The source program can include the contents of other files if the 
INCLUDE directive is used (see chapter 3). At the place where each 


INCLUDE directive appears in the source program, the contents of the 
specified file are used as input the assembler. 


1-3. INVOKING THE MACROASSEMBLER 
The command to call the MACRO8000 assembler specifies the source file 
containing the program and specifies various assembly options. The 
call is: 

MACZ source options overrides 


The call is entered with a carriage return (new line key). 


The specification of source is: 


L=2 


BS 


~ 


t-T 


___H Option ee Hex File (.HEX) 


Macro 8000 or 


Sg Opes Binary File (.BIN) 


AmZ8002 
Targeted 
Source File 
(.ZSC) 


Macro 8000 


No S Option 


S Option 


AmZ8001 
Targeted 


Source File ae ek 
(.ZSC) ( Module Directive Only ) 
Se 


Macro 8000 Binary File (.BIN) 


(.XXX) = File with Extention XXX 


Figure 1-1. File Paths 


Field 


dev: 


filename 
ext 
For example: 


MACZ ONE 


Meaning 


Is the optional drive name, 
such as A: or B: 


Is the source file name 


Is the source file type 


Default 


Currently selected drive 


eZSC 


calls for assembly of file ONE.ZSC on the current drive, requests 
defaults for all the options, and omits any overrides. 


The source specification can be followed by at least one space and then 


the selected options. 


are separated by commas or spaces. 


Name 


Privilege 


Dots 


Error 


Warning 


Trace 


Map 


Listing 


Default Form 

No privileged P 

instructions 

can be used 

No first pass D 

listing 

Full program E 

listing 

No warnings W 

No trace T 

No map M 

L=CON: L 
L=file 
L=CON: 


The options can be specified in any order and 
The options are: 


Meaning 


Enable assembly of privileged 
AmZ8000 instructions. 


Produce a first pass listing 
that shows a dot for each 
statement assembled. 


Suppress full program listing 
and produce only a listing of 
errors. 


Enable listing of warning 
messages. 


Trace macro expansion and any 
additional code generated by IF 
directives. 


Produce a reference map for 
labels used in the program. 


Send listing to dev:name.PRN 
on same drive as source, 
with same name as source. 


Send listing to the file 
dev:name.ext as specified. 


Send listing to console device 
(if printer is enabled with 
CONTROL P, listing also prints). 


fo ™ 


Name Default Form Meaning 


L=LST: Send listing to printer device. 


Object No object O Create object file dev:name.ZRL 
file for on same drive as source, 
input to with same name as source. 
LINK8000 


O=file Create object file dev:name.ext 
as specified. 


Hex No hex file H Produce hex file dev:name.HEX 
produced on same drive as source, with 
(AmZ8002 Same name as source. File can 
only) be used to program PROMs. 


H=file Produce hex file dev:name.ext as 
specified. File can be used to 
program PROMs. 


Bin No binary B Produce binary file dev:name.BIN 
file produced on same drive as source, with 
(AmZ8002 same name as source. File can 
only) be downloaded to the 96/4016 


AmZ8000 Evaluation Board. 


B=file Produce binary file dev:name.ext 
as specified. File can be 
downloaded to the 96/4016 
AmZ8000 Evaluation Board. 


Segment-— Targeted for S Code targeted for the AmZ8001 
ation the AmZ8002 


For example: 
MACZ ONE W,T,O 


calls for assembly of file ONE.ZSC on the current drive, requests 
warning messages, requests trace messages, requests an object file 
named ONE.ZRL, uses defaults for the other options, and omits any 
overrides. 


The product call line can optionally include overrides for one or more 
symbolic constant values in the program. The overrides follow all of 
the other options and are separated by commas or spaces. 


The name of each symbolic constant must be at least 2 characters in 
length. The specified value is substituted for the value contained in 
the program, and the new value is in effect only for the current 
assembly. The overrides have the form: 


Li 


Meaning 


Constant No con=val Override symbolic constant with 
override override a different value for program 
assembly. 


For example: 
MACZ ONE E TEST5=TRUE, XY=128 


calls for assembly of file ONE.ZSC on the current drive, requests an 
error listing only, requests defaults for all other options, overrides 
the symbolic constant TEST5 with the value TRUE, and overrides the 
symbolic constant XY with the value 128 for the current assembly. 


The macroassembler can be interrupted by typing <CONTROL>C (or by 
typing any character). The macroassembler will then ask if you wish to 
abort the assembly process. 


1-4. LISTING 


The listing displays the source statements in the program, the code or 
data generated by the assembler, and the addresses of the code and data 
items. Each line of the listing has the following format: 


Address Assembled Code/Data Source Statement 


The first column of the listing, the address field, shows the current 
value of the location counter. The location counter contains a byte 
address for the code or data item. The location counter changes as 
each code or data item is assembled, or if an ORIGIN directive is 
encountered (see chapter 3), or if a SEGMENT directive is encountered 
(see chapter 5). 


The next three columns, the assembled code/data field, contain 16-bit 
words (in hex) representing the value generated by the assembler for 
each source line. Space holders for unresolved segment numbers and 
relocatable addresses have the following formats: 


*nnnn For a relocatable, non-segmented address, where nnnn 
is a number standing in for the true location 
counter offset. 


Sssss nnnn For a segmented long-offset address, where ssss is a 
number standing in for the true segment number and 
nnnn is either the true location counter offset or a 
number standing in for the true offset. 


Pssnn For a segmented short offset address, where ss is a 
number standing in for the true segment number and 
nn is either the (maximum 256) location counter 
offset or a number standing in for the time offset. 


oN 


Ixxxx For a relocatable relative address reference, where 
xxxx is a combination of the opcode (CALR, DJNZ, 
DBJNZ, or JR) and a number standing in for the true 
displacement (7-bits, DJNZ and DBJNZ; 8-bits, JR; or 
12-bits, CALR). 


Rrrrr For a relocatable relative address reference, where 
rrrr is a number standing in for the true 16-bit 
displacement. 


The last item on the listing line is the original source line. 
Additional information in the listing includes header lines, error 
messages, and trace messages. 


1-5. EXAMPLE 


This sample program is targeted for an AmZ8002 and makes use of the 
monitor facilities provided by the Am96/4016 Evaluation Board for 
console input and output. (The System Call instructions in locations 
5O1E and 506E access the monitor.) 


The assembler listing is completed by the message: 

NEITHER WARNING NOR ERROR MESSAGES 
The lines following the assembler listing in the example illustrate the 
commands used to download the assembled program from a System 8/8 to 
the 4016 Evaluation Board, which serves as an execution vehicle, and 


then to run the program. For further details about the use of the 4016 
Evaluation Board, consult the Am96/4016 Evaluation Board User’s Manual. 
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BUBBLE SORT 


CLOGS 
QOL 
CLCL 
OO LD 
5082 
o£ Oe 
508 
SOO Yo 
SHEL 
50 8@ 
522 e 
o£ 2S 
08 82 
OS BS 
00 BD 
SELB 
oe OL 
OL OL 
SELL 
Oo @6 
o¢ 2 C 
5812 
5014 
OZ 1A 
OG1A 
O@1E 
3 2¢ 
PA 
OC <4 
5624 
Oo 2E 
O26 
5626 
5¢26 
S2cA 
SECA 
582k 
SZ3e 
Dk! 52 
5832 
3834 
58 36 
9836 
0838 
5238 
983C 
O68 3C 
O¢ 3C 
38 40 
2 4¢ 
5 4¢ 
9842 
58 42 
08 44 
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4105 
4125 
£1@1 
6FG1 
4D@5 


2£1¢1 
FLO 


6126 


ABE? 


£1808 
2123 
A134 
A040 


A167 
AEB? 


8D83S 
BA46 


EC@1 


EEO? 
A152 


OL7e 


C122 


0074 2882 


S27 A 
5O7E 
5078 


Z2LOO 
SOV A 


O7SB 


8D81 


AB2O 


C252 


MACROS@22 AMZB2OC ASSEMBLER 


PROGRAM BUBBLE SORT; ‘S 
ORIGIN #5200; 
PAGE = 41 
CONST SWAPS = RO, 
POINTER = R1, 
LAST = R2, : 
THIS = Rd, 
NEXT = k4, 
LAST_VAL = RHS5, : 
TEIS_VAL = RL5, 
POS = R6, 


BUBBLE SORT: 


READ: 


SORT: 


LOOK: 


(* SET UP CALL BLOCK *) 


LD CALL_BLOCK(@), #2182; 

LD CALL_BLOCK(2), 0; 

LD POINTER, “BUFFER; 

LD CALL_BLOCK(4), POINTER; 

LD CALL_BLOCK(6), 88; 

(* SET UP POINTER TO CALL BLOCK *) 

LD POINTER, “CALL_BLOCK; 

SC C; _ 
(* GET CHARACTER COUNT *) . J 
LD POS, CALL_BLOCK(6); i 
(* ADJUST FOR CR *) 

DEC POS, 13 


(* INITIALIZE FOR SORT *) 


LD SWAPS, @3 

(* INITIALIZE POINTERS *) 

LD THIS, “BUFFER; aN 
LD NEXT, THIS; — 
INC NEXT, 13 — 
(* ADJUST WORKING COUNT *) 

LD COUNT, POS; 

TEC COUNT, 13 é 
(* CY LATER USED FOR OV *) 

RESFLG CY; 


CPSIRB THIS”, NEXT, COUNT, LGT; 
IF OV (* AT END OF LINE *) 


TEEN 
SETFLG CY; 

IF ZR (* SWAP NEEDED *) 

THEN 

BEGIN 
(* GET POINTER TO LAST *) a 
LD LAST, THIS; | \ 
DEC 


LAST, 13 


BUBBLE SORT 


50 46 
5¢ 46 
5048 
5¢ 4A 
504C 
5Q4E 
S04 
50 4h 
5@5¢ 
5e 56 
5 5e 
5G 54 
5854 
505€ 
525A 
505A 
5@5A 
505A 
52 60 
5060 
5062 
5063 
5068 
506A 
5 6E 
5076 
5e70 
50 7e 
5072 
5072 
5072 
5078 
507A 
507A 
5OCA 
5OCA 


2e¢25 
ees 
ekeD 
Z£ESS 


AGG 


E7@1 


85¢2 
k6@1 


4TD25 


A962 
4C65 


AS6@ 
6} G6 
TFL 


7F@1 


E8¥e 


E8E6 


oe7e W220 


SO7TA ZACA 


5878 


WRITE: 


EXIT: 


MACROGSL2 AMZ8OGB ASSEMBLER 


(* SWAP LAST AND THIS *) 


LDB LAST_VAL, LAST’; 
LDB THIS VAL, THIS’ 3 
LDB LAST , THIS _VAL; 
LDB THIS, LAST VAL; 
(* INCREMENT SWAP COUNTER *) 
INC SWAPS, 1 
END; 
IF NC (* CY SAVED OV STATUS *) 
THEN 
JR LOOK; 
IF SWAPS NE @ (* CRANGES WERE MADE *) 
THEN 
JR SORT; 


(* CHANGE TYPE OF CALL *) 
LD CALL_BLOCK(®), #22083 
(* PLACE LINE FEED IN BUFFER *) 


CALL BLOCK: 


BUFFER: 


INC POS, 13 
LDE BUFFER(POS), #@A3 
(* PROVIDE ACTUAL COUNT *) 
INC POS, 13 
LD CALL BLOCK(6), POS} 
SC : 
SC 1; 

WORD (4)5 

YTE (82); 

END. 


NEITHER WARNING NOR ERROR MESSAGES 


A>HOST 
SYSTEM 8/8 Z8088 HOST 


(A) 


LDPR A: EUBBLE.BIN 


(A) 


LOAD COMPLETED 
% 


G 
(A) 


(A) 


“LEND 


THE QUICK EROWN FOX JUMPED OVER THE LAZY DOGS 


ABCDIEEEEFGHHIJKLMNOOOOPQRRSTTUUVWXYZ 
PROGRAM EXIT @1 
x 


HOST SHUTDOWN 


A> 
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CHAPTER 2 
STATEMENT ELEMENTS 


The statements in a program are either MACRO8000 directives (described 
in chapter 3) or AmZ8000 instructions (described in chapter 6). The 
general rules for statements are described in this chapter. 


2-1. STATEMENT FORM 


MACROSUUU source statements are free-form, in that statements can 
begin in any column and additional blanks can be inserted at will. 
Blank characters and blank lines can be inserted anywhere to improve 
the readability of the program. Statements can be continued on several 
lines and several statements can be included in the same line. 


Source lines of up to 96 characters in length are allowed. Lower case 
characters are treated as upper case characters, except that lower case 
letters in literal strings and comments are preserved. Tab characters 
are ignored for program assembly but appear correctly on the program 
listing. Any line numbers created by the EDIT text editor are 
recognized but ignored for the purpose of program assembly. 


2-2. SINGLE STATEMENT 


The single statement consists of a statement beginner, such as an op- 
code, followed by zero or more operands. A single statement is 
separated from the next statement by a semicolon. For example: 


ADD R4, R53 
INC R4, 1; 


2-3. COMPOUND STATEMENT 


A compound statement consists of BEGIN, single statements, and END. 
The last single statement in the group has an optional semicolon. The 
END serves as the terminator for the last single statement. For 
example: 


BEGIN 

LDB RL6, RL4; 
-SLLB RL6, 8; 
CALL FIXVAL; 


INC R26 13 
CALL PLTEST 
END; 


2-4. COMMENTS 


A comment statement can be placed at the end of a souce line by 
preceding it with a percent (%) symbol. A percent sign comment is 
terminated by the end of the line. For example: 


INC R6, 1; ADJUST COUNT 


Comments can also be embedded anywhere in the source text by enclosing 
them between the symbols "(*" and "*)". For example, 


INC R6 (*PRESENT COUNT*), 1; 


The only exception to this rule is that comments cannot appear within 
literal strings. 


2-5. DELIMITERS 


Within statements, the standard delimiters are blanks, commas, and 
parentheses. Blanks can be used freely in statements. Commas are used 
to separate operands. Parentheses are primarily used for instruction 
operands in certain addressing modes. 


The keywords BEGIN and END are special delimiters used in compound 
Statements. The keywords THEN and ELSE are special delimiters used in 
IF directives. The keywords IN and DO are special delimiters used in 
FOR directives. 


2-6. IDENTIFIERS 


The identifiers that can be used in MACRO8000 programs are labels, op- 
codes, macro names, symbolic constants, and object variables. Each 
type of identifier is discussed in this chapter. 


Identifiers can be as long as 80 characters. The characters A through 
Z, O through 9, underline, and @ can be used in an identifier, but an 
identifier cannot start with a digit or an underline. For example, 
valid symbols are: 


A909 


cee 


\ 
\ 2, 
A 


LOOP 

LABEL5 

@B14INC 

TEST FOR NEGATIVE VALUE 


2-7. LABELS 

A label is prefixed to a statemente A coion foliows the iabeli and 
precedes the statement. Labels can be used to identify code or data 
within the progran. 

For example: 


NBT1: LD R10, 0; 


associates label NBTl with the LD instruction shown. Another statement 
such as: 


JR NBT1; 


would cause a jump to the statement labeled NBT1l, so that the next 
instruction executed is the instruction associated with NBTl. 


For example: 
DAT4: WORD: 12; 


associates label DAT4 with the WORD directive shown, which reserves a 
Single data word with the value 12. Another statement such as: 


LD R7, DAT4; 


references the current value of the memory location associated with 
DAT4. 


Labels cannot be used directly in arithmetic exressions. See the 
description of effective address operands in section 2-30. 


A label can have the same name as an opcode, a user-defined macro, or a 
redefinable assembler directive, but a warning message is issued. For 
instance, a warning message appears when the name TEST is used as a 
label (TEST is an AmZ8000 instruction). 

The user can place multiple labels on a statement. For example: 


Xl: X4: CALL SF ROUTINE; 


specifies that labels Xl and X4 are both associated with the statement. 
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2-8. STATEMENT BEGINNERS 


The statement beginners are the identifiers that indicate the purpose 
of the statement. A statement beginner can be an opcode for an AmZ8000 
instruction, the name of an assembler directive such as WORD, or the 
name of a macro defined by the user. 


2-9. MNEMONICS 


A mnemonic specifies one of the AmZ8000 instruction classes described 
in chapter 4. The mnemonics are 2 through 6 letters in length and are 
followed by operands for the instruction. When an mnemonic appears in 
the program, the assembler checks the operands and then generates the 
appropriate AmZ8000 code. For example: 


LD RO, 1; % LD mnemonic is the statement beginner 


Each AmZ8000 mnemonic is implemented as an intrinsic macro, that is, 
each mnemonic effectively references a macro supplied by the assembler 
and generates AmZ8000 code for the instruction. The user can therefore 
write a macro to redefine any AmZ8000 mnemonic. A warning message 
indicates that the user has redefined the name, and all subsequent 
references to the name reference the macro defined by the user, instead 
of the old AmZ8000 mnemonic. 


2-10. DIRECTIVE NAMES 


A directive is a special instruction to the assembler. For instance, 
directives are used to reserve memory space for data and to control the 
program listing. The MACRO8000 directives are described in chapters 3, 
4, and 5. For example: 


CONST X= 4; % CONST directive is the statement beginner 


The directives are statement beginners, but some directives are con- 
sidered reserved words and some can be redefined. The directives 
CONST, VAR, MACRO, BYTE, WORD, LONG, STRING, IF, and FOR are considered 
reserved words and cannot be redefined. The names of all the other 
directives can be redefined by the user. 


2-11. MACRO NAMES 


A macro is defined by the user with the MACRO directive described in 
chapter 4. The macro name is an identifier. A macro must be defined 
before being referenced, that is, the macro definition must precede any 
references to the macro. For example: 


f 
\4 


phe 


MACRO 4HL7 PARMI; 


HL/ ay % HL/ macro name is the statement beginner 


2-12. OPERANDS 


in general, the operands in a statement always foliow the statement be- 
ginner. For AmZ8000 instructions, the operands are instruction oper- 
ands. For directives, the operands are values required for the 
directives. For macro references, the operands are the macro para- 
meters. The rest of this chapter describes the types of operands that 
can be used in MACRO8000 statements. 


2-13. IMMEDIATE OPERANDS 


An immediate operand is a numeric constant or a numeric expression that 
is evaluated at assembly time. For example: 


ADD R4, 73 % add the value 7 into register 4 
ADD R4, 8 * 173 % add the value 8 * 17 into register 4 


2-14. Constants 


A numeric constant can take any of the forms: 


Form Base Example 
nnnn Decimal 12 
nnnnD Decimal 39D 
nnnnB Binary 1101B 
nnnnO Octal 6710 
nnnnQ Octal 377Q 
nnnnH Hexadecimal OE5H 
#nnnn Hexadecimal #A5 
r#nnnn Variable base 4#3021 


(base is chosen 
from 1 to 15) 


nnnnKk Multiple of 1024 AK 


Numeric constants are represented internally as signed 32-bit 
constants. According to the situation, the least significant byte (8 
bits), word (16 bits), or long word (all 32 bits) can be used. 


Hexadecimal constants expressed in the form nnnnH rather than #nnnn 
cannot begin with a letter. Therefore, a O must be used as the first 
digit, as in: 

OFF4H 


which represents the same value as #FF4. 


Numeric constants can contain any number of embedded underlines for 
improved readability. For example: 


1 024 
O111 1111 10108 
OF 55 5A 00H 


2-15. Numeric Expressions 


An immediate operand can also be an expression that is evaluated at 
assembly time to produce a 32-bit signed value. Numeric expressions 
can be written using the various arithmetic operators. Each arithmetic 
operation is defined like the corresponding AmZ8000 operation at run 
time. The operators for numeric expressions are: 


Operator Meaning Example Precedence 
HIGH Use the high byte of X HIGH X Next 

LOW Use the low byte of X LOW X 

SWAP Exchange high and low bytes SWAP X 

* Multiply X * Y Highest 

/ Divide xX / ¥ 

MOD Remainder after X / Y X MOD Y 

SHR Shift X right by Y bits X SHR Y 

SHL Shift X left by Y bits X SHL Y 


(SHR and SHL are like 
the Shift Dynamic Logical 


instruction) 
- Negation (0 - X) - X Next 
+ Add X + Y¥ Next 
- Subtract X - Y 
NOT Complement NOT X Next 
AND Logical AND X AND Y Lowest 
OR Inclusive OR X OR Y 
XOR Exclusive OR X XOR Y 
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A numeric expression can be written in any of the following ways: 


A numeric constant, which is the simplest form of a numeric 
expression. For example: 


5 
#7¥F 


A numeric expression consisting of a constant, one of the 
arithmetic operators, and another constant. For example: 


4K / 8 
A numeric expression containing subexpressions, where 
subexpressions of the highest precedence are evaluated first. 
For example: 


5*# 441 


has the result 21. Parentheses can be used within an 
expression to force the order of evaluation. For example: 


5 * (4 + 1) 
has the result 25 because (4 + 1) is evaluated first. 


A numeric expression consisting of an effective address 
operand. For example: 


“LABELI - “LABEL2 


Only subtraction is allowed in these expressions. See section 
2-30 for more details. 


Note that a string of 1 to 4 characters can be used as an operand in a 


l. 
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numeric expression. A string of 1 to 3 characters is right-justified 
and zero-filled before being used in the numeric expression. 


Note that AND, OR, and NOT may be used with boolean variables as well 
as numeric variables, and that NOT may be used with condition codes 


(see section 2-26). 


2-16. REGISTER OPERANDS 


A register operand specifies one of the AmZ8000 general purpose 
registers. The registers are: 


8-bit l6—bit 32-bit 64-bit 
Byte Register Word Register Register Pair Register Quad 
RHO RLO RO | | 
| RRO | 
RH1 RLI Rl | | 
| RQO 
RH2 RL2 R2 | | 
| RR2 | 
RH3 RL3 R3 | | 
RH4 RL4 R4 | | 
| RR4 | 
RH5~ RLS5 R5 | | 
| RQ4 
RH6-~ RL6 R6 | | 
| RR6 | 
RH7 RL/7 R/7 | | 
R8 | | 
| RR8 | 
R9 | | 
| RQ8 
R10 | | 
{| RR1O | 
R11 | | 
R12 | | 
| RR12 | 
R13 | | 
| RQL2 
R14 | | 
| RR14 | 
RI5 | | 


For example: 


ADDB RL4, RL6; 
ADDB RH4, RH6; 
ADD R4, R6; 
ADDL RR4, RR6; 
MULTL  RQ8, RRI12; 


add byte register RL6 into RL4 

add byte register RH6 into RH4 

add word register R6 into R4 

add register pair RR6 into RR4 

multiply register pair RRIO (lower half 
RQ8) by RR12 and put result in register 
quad RQ8 
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2-17. INDIRECT REGISTER OPERANDS 


An indirect register operand is a register that contains the address of 
the operand. The register designator is followed by the pointer symbol 
“. For example: 
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ADD R4, R2°*; % add contents of word that R2 points to 
% into R4 


Any word register or register pair can be used as an indirect register 
operand (except for RO and _ RRO). Word registers contain 16-bit 
non-segmented addresses, while register pairs contain segmented 
addresses. 


2-18. DIRECT ADDRESS OPERANDS 


A direct address operand is a label. The label is associated with an 
statement that is an instruction or that contains a data value to be 
used as the operand. For example: 


CALL JADX; % call the routine beginning with the 
4% instruction labeled JADX 

ADD R4, LAB; % add the data value associated with label 
% LAB into R4 


A direct address operand can be followed by one or more displacements, 
each enclosed in parentheses. Each displacement can be a positive or 
negative constant or numeric expression. For example: 


ADD R4, LAB(6); % add into R4 the data value found at (LAB 
% plus 6 bytes) 


For AmZ8002 code, a direct address operand can also be an absolute 
address constant in the form constant*~ or the form (expression)*. For 
example: 


ADD R4, #4344°; % add the data value at address #4344 
% into R4 


2-19. RELATIVE ADDRESS OPERANDS 


A relative address operand is the same as a direct address operand, 
except that relative addressing is used. For example: 

CALR JADX; call the routine beginning with the 
instruction labeled JADX 
jump relative on condition nonzero to 
the instruction labeled POI5 


IR NZ, POI5; 


oe NY BY 


NOTE 
The use of relative addressing for calls and jumps 
is highly recommended and is more efficient than 
absolute addressing in terms of memory usage. 
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2-20. INDEXED OPERANDS 


An indexed operand is a direct address operand followed by a 
displacement that is a register. The displacement can be any word 
register except RO and is enclosed in parentheses. The label and 
displacement together address the operand value. For example: 


ADD R4, LAB(R1); % take the value in Rl as a displacement 
% the data to be added into R4 
% is found at (LAB plus displacement) 


2-21. BASE ADDRESS OPERANDS 


A base address operand is an indirect register operand followed by a 
displacement that is a constant or numeric expression. The indirect 
register can be any word register except RO (non-segmented addresses), 
or any register pair except RRO (segmented addresses). The 
displacement is enclosed in parentheses. The location addressed by the 
indirect register and the constant or expression displacement together 
address the operand value. For example: 


LD R4, R2*(20); % Load into R4 the data value addressed by 
the 4 contents of R2 plus 20 


2-22. BASE INDEXED OPERANDS 


A base indexed operand is an indirect register operand followed by a 
register operand enclosed in parentheses. The indirect register can be 
any word register except RO (non-segmented addresses), or any register 
pair except RRO (segmented addresses). The second register can be any 
word register except RO. The location addressed by the indirect 
register is combined with the displacement contained in the second 
register to produce the address of the operand. For example: 


LD R4, R2*(R1); % take the value in Rl as a displacement 


% Load the data value addressed by (R2 
% plus displacement) into R4 


2-23. PORT ADDRESS OPERANDS 


A port address operand is an immediate operand that specifies a 16-bit 
port address for I/0 operations. For example: 


OUT #OFCO, R4; 4 output the contents of R4 to port #0FCO 


2-24. PORT REGISTER OPERANDS 


A port register operand is a register that contains a 16-bit port 


address for I/O operations. 


OUT R2, R4; 


2-25. FLAGS 
The flags are: 
Name 


CY 
ZR 
SGN 
PY 
OV 


For example: 


% address contained in RO 


Meaning 


Carry flag (C) 
Zero flag (Z) 
Sign flag (S) 
Parity flag (P) 
Overflow flag (V) 


2-26. CONDITION CODES 


The condition 
Name 


TRUE 
FALSE 


NZ 
ZR 


NC 
CY 


PO 
PE 


codes are: 


Meaning 


Always true 
Always false 


Not zero 
Zero 


No carry 
Carry 


Parity odd 
Parity even 


Plus 
Minus 


Not equal 
Equal 


Overflow is reset 
Overflow is set 


If used, test for 


% output the contents of R4 to the port 


Name Meaning If used, test for 


GE Greater than or equal (SGN XOR OV)= 0 

LT Less than (SGN XOR OV)= 1 

GT Greater than (ZR OR (SGN XOR OV))= 0 

LE Less than or equal (ZR OR (SGN XOR OV))= 1 

LGE Logical greater than or equal CY= 0 

LLT Logical less than CY= 1 

LGT Logical greater than ((CY= 0) AND (ZR= 0))= 1 
LLE Logical less than or equal (CY or ZR)= 1 


2-27. INTERRUPTS 


The interrupts are: 


Name Meaning 

VI Vectored interrupt 
NVI Nonvectored interrupt 
NMI Nonmaskable interrupt 


2-28. CONTROL REGISTERS 


The control registers are: 


Name Meaning 
FCW Flag control word 
FLAGS Flag byte of the FCW 


PSAPSEG New program status area pointer (NPSAP) segment number 
PSAPOFF New program status area pointer (NPSAP) offset 

NSPSEG Normal stack pointer (R14) segment number 

NSPOFF Normal stack pointer (R15) offset 

REFRESH Refresh counter 


2-29. LOCATION COUNTER 


The current value of the location is represented as $, which is 
considered a label. For example: 


ORIGIN $(40); © % sets the new origin to the current value 


% of the location counter plus the 
% displacement of 40 bytes 
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2-30. EFFECTIVE ADDRESS OPERANDS 


An effective address generated by one of the AmZ8000 addressing modes 
can be used as an operand in itself in the Load or Load Relative 
instructions. Certain effective address operands can also be used in 
the WORD directive (see chapter 3). An operand that is preceded by the 
symbol “~ is interpreted by the assembler as an effective address 


operand. The symbol *~ can be translated as the address of. For 
example: 
LD R4, “~LAB; % load R4 with the address of LAB 
LD R11, *(R2* (20)) % load Rll with the address specified by 
% the contents of R2 plus 20 
Segmented addresses must be stored in 32-bit register pairs. For 
example: 


LDL RR2, ~SEGLAB load RR2 with the segmented address 


of SEGLAB 


OL NY 


The effective address notation allows programmers to use standard Load 
and Load Relative instructions instead of having to use the AmZ8000 LDA 
and LDAR mnemonics. Of course, when an effective address operand is 
used with a Load or Load Relative instruction, the assembler generates 
an LDA or LDAR opcode. See chapter 6 for examples. 


An effective address operand can include simple arithmetic expressions 
(only + and — allowed as operators). The current value of the location 
counter (symbolized by $) can be used in these expressions. For 
example: 


load R4 with the address of LAB 
displacement by 32 bytes 


LD R4, “LAB + 32 


OX a 


load R2 with the address of LABIl 
minus the address of LAB2 


LD R2, “*LABl — *LAB2 


Ne a 


load R4 with the current value of 
the location counter plus 200 


LD R4, *$ + 200 


NL Og 


2-31. STRINGS 


Strings can be used in a number of MACRO8000 directives. In all cases, 
a string or string expression can be used. A string consists of zero 
or more characters delimited by apostrophes. The apostrophe itself is 
represented within a string by a double apostrophe. If there are 
zero characters between apostrophes, then the string is an empty 
string. For example, valid strings are: 
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string with 10 characters 

string with 4 characters 

string with 4 characters; value IT’S 
empty string 


“ABCDEF.ZSC’ 
“00A0’ 
i Ei bea ed 


7? 
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The string operator is: 


Operator Meaning Example 
& Concatenate “ABC’ & ‘DEF’ 


The maximum length of a string is 254 characters. Two or more strings 
can be concatenated to form a string result. For example: 


“B:’ & “ABCDEF’ & °.ZSC’ % string expression with the 
% 12-character value “°B:ABCDEF.ZSC’ 


A string used as an operand in an arithmetic expression can contain no 
more than four ASCII characters. An empty string in an arithmetic 
expression has a value of zero. A string of 1 to 3 characters is 
right-justified and zero-filled in the 32-bit field. 


2-32. LISTS 


The primary use of lists is in passing lists of items as an argument in 
macro calls. When a macro parameter has a list value, the list value 
can be used in a FOR directive (described in chapter 3). A list is a 
composite object containing one or more items. The entire list is 
enclosed in parentheses. A list with one item has the form: | 


(item) 
A list with two or more items has the form: 


(item,item...) 


2-33. SYMBOLIC CONSTANTS 


A symbolic constant is an identifier that represents a fixed operand 
value during the assembly process. Symbolic constants are declared by 
the CONST declaration (described in chapter 3). 


When a symbolic constant name appears as an operand, the value of the 
symbolic constant is used as the operand. For example: 


CONST REC NUMBER = R8; 


INC REC NUMBER, 1; % REC NUMBER represents the value R8 


Note that the value assigned to a symbolic constant can be any valid 
operand value, including an operand in any addressing mode, a flag, a 
condition code, an interrupt, a control register, an address constant, 
an arithmetic or string expression, or a list. A symbolic constant can 
be redefined or reassigned during assembly, although a warning message 
will be produced. The declared value can be overridden when assembler 
is invoked (see chapter 1). 


2-34. OBJECT VARIABLES 


An object variable is an identifier that represents a variable value 
during the assembly process. Object variables are declared with the 
VAR declaration (described in chapter 3). 


When an object variable appears as an operand, the value of the object 
variable is used as the operand. Unlike a symbolic constant, an object 
variable is initially undefined and can be defined or redefined during 
program assembly. For example: 


VAR AR: OBJECT; % AR is initially undefined 

AR ::= R4; % AR is defined as R4 

AR ::= 124; % AR is redefined as 124 

LD R1, AR; % loads RI with 124, the current 


% operand value of AR 
The values that can be assigned to object variables are the same 


operand values that can be assigned to symbolic constants. The 
significant difference is that object variables can be redefined. 
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CHAPTER 3 


( DIRECTIVES 
The MACRO8000 directives provide a framework within which the 
instructions are placed as appropriate. This chapter describes the 
basic directives. The MACRO directive and macro definitions are 
described in chapter 4. Directives associated with modular programs 
: are described in chapter 5. 


3-1. PROGRAM DIRECTIVE AND END 


The PROGRAM directive is used to generate absolute code. This 
directive can be used only with AmZ8002 targeted programs. The PROGRAM 
directive has the form: 


PROGRAM lab; 


where lab is a label that specifies the entry point of the 
program. 


The program begins with the PROGRAM directive, and END. is required at 
the end of the program. For example: 


PROGRAM START; 
START: % program entry point 


END. 


The entry point specified on the PROGRAM statement is used as the title 
at the top of each listing page. The title can be changed with the 
TITLE directive described later in this chapter. 


Appearance of a PROGRAM directive indicates absolute code. The 

: assembler can produce a binary file suitable for downloading. See the 
B option discussion in section 1-2, Invoking the Macroassembler. When 
a hex object file is produced, the address of the entry point is 
written at the end of the file as in Intel hex format. 


Appearance of a MODULE directive would generate relocatable code for a 
module intended for input to LINK8000, as described in chapter 5. 


3-2. ORIGIN DIRECTIVE 


The ORIGIN directive can be used to set the location counter to a new 
value. The ORIGIN directive has the form: 


ORIGIN origin; 


where origin is a constant, a numeric expression, the location 
counter, or a previously-defined label or address constant 


Note that $ represents the current value of the location counter. For 
example: 


ORIGIN #4200; % sets the origin at #4200 
ORIGIN #5000 + #300; % sets the origin at #5300 


ORIGIN $(64); sets the origin at the present origin 


plus displacement 64 bytes 


mw ae 


ORIGIN “MSG5; sets the origin at previously-—defined 


label MSG5 


Oe oe 


ORIGIN “YZ + 64; sets the origin at the address of the 
previously-defined label YZ plus 64 


bytes 
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3-3. BYTE DIRECTIVE 


The BYTE directive reserves or defines one or more bytes. The BYTE 
directive has one of two forms: 


BYTE (n); 
BYTE: value,... value; 


where n is a constant or numeric expression for the number of 
bytes to be reserved 


where each value is a constant, a numeric expression, or a 
string expression. One or more values can be specified, 
separated by commas. 


The first form of the BYTE directive reserves successive memory 
locations beginning with the current location counter. The second form 
reserves memory locations that are defined with the specified values. 


A numeric expression evaluates to a 32-bit signed value. A string 
expression evaluates to a sequence of bytes, one for each character. 
For example: 


BYTE (3); % reserves 3 bytes 


a 


BYTE: 5% % defines 1 byte 


BYTE: STRING’ ; % defines 6 bytes 
BYTE: 3,° AB’ ,4; % defines 4 bytes 


A symbolic constant or an object variable can be used to define bytes. 
For example: 


K = “P 
BYTE: K & ‘AX’; % defines 3 bytes with value ’PAX’ 


3-4. WORD DIRECTIVE 


The WORD directive reserves or defines one or more 16-bit words. The 
WORD directive has one of two forms: 


WORD (n); 
WORD: value,eee value; 


where n is a constant or numeric expression for the number of 
words to be reserved 


where each value is a constant, a numeric expression, a string 
expression, a non-segmented label or effective address or the 
difference between two effective addresses. One or more 
values can be specified, separated by commas. 


The WORD directive is similar to the BYTE directive, except that words 
rather than bytes are reserved or defined. For example: 


WORD (8); 


oe 


reserves 8 words 


WORD: ‘VAL’; 


ae 


defines 2 words with values ’VA’,’L ’ 


WORD: “MSG2; defines 1 word with a value that is the. 


address of label MSG2 


oe a 


WORD: “RC - “TH; defines 1 word that is the difference 
between the addresses of RC and _ TH 
(these addresses must be within the same 


segment) 


SL TL HL FQ 


CONST CRLF = #0D0A; 


WORD: CRLF; defines 1 word with value #0DO0A 


ae 


NOTE 
If the location counter is at an odd byte address, 
a WORD directive forces the location counter to 
the next even address. 
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3-5. LONG DIRECTIVE 


The LONG directive reserves or defines one or more long words. A long 
word is a 32-bit word pair. The LONG directive has one of two forms: 


LONG (n); 
LONG: value,... value; 


where n is a constant or numeric expression for the number of 
long words to be reserved 


where each value is a constant, numeric expression, string 
expression, or segmented address. One or more values can be 
specified, separated by commas. 


The LONG directive is similar to the BYTE directive, except that word 
pairs rather than bytes are reserved or defined. For example: 


LONG (6)3 % reserves 6 long words 


¢ 


LONG: ‘BR’; 


ag 


defines 1 long word with value ’BR 


LONG: “ABCDEFGHI’ ; % defines 3 long words with values 
% ‘ABCD’ ,’EFGH’,’I---’ 


LONG: “MSG2 % where MSG2 is a segmented address 


CONST Y = #50: 
LONG: (Y SHL 16) OR Y; % defines 1 long word with value #00500050 


NOTE 


If the location counter is at an odd byte address, 
a LONG directive forces the location counter to 
the next even address. 


3-6. STRING DIRECTIVE 


The STRING directive defines a string and saves a Il|-byte prefix 
containing the length of the string. The STRING directive has the 
form: 


STRING: value,... value; 


where each value is a string expression, a constant, or a 
numeric expression. One or more values can be specified, 
separated by commas. 


The STRING directive saves the total length of the string as the first 
byte. The length of the string can be from 0 to 254 characters. For 
example: 


eS 


STRING: “ENTER CHOICE’; saves length as 12, followed by the 


12 characters in the string 


oe oe 


STRING: “DONE’ ,#0D,#0A; saves the length as 6, followed by 
the 4 characters in the string and 


the carriage return/line feed 


oe Ne 


STRING: °’; 6 saves the length as 0, defining 
only 1 byte 


ee 


3-7. CONST DIRECTIVE 


The CONST directive declares a symbolic constant. A symbolic constant 
is an identifier that represents a constant value. The CONST directive 
has the form: 


CONST name = value,... name = value; 


where each name = value specification declares the name of a 
symbolic constant and defines the value. One or more name = 
value assignments can be written, with commas separating the 
assignments. 


The value assigned to a symbolic constant can be any valid operand 
value, including an operand in any addressing mode, a flag, a condition 
code, an interrupt, a control register, the location counter, an 
address constant, a string, or a list. The operands are described in 
chapter 2. 


NOTE 


A symbolic constant must be defined before being 
referenced. 


When a symbolic constant is used, the value replaces the name. For 
example: 


CONST LINE SIZE = 80, 
BUF SIZE = 10 * LINE SIZE, 
COUNT = R11; 


LD R13,LINE SIZE; 4 80 is used for LINE SIZE 
LD R14, BUF SIZE; % 800 is used for BUF SIZE 
INC COUNT, 2; % Rll is used as the register 


The value of a symbolic constant is set in the declaration and cannot 
be changed later in the program. Note that for a single assembly, any 
symbolic constant can be overridden with a new value. The constant 
overrides can be placed on the MACZ product call, as described in 
chapter l. 


3-8. VAR DIRECTIVE 


The VAR directive declares an object variable. The VAR directive has 
the form: 


VAR Mame,ee. name: OBJECT; 


where each name is an identifier. One of more names can be 
specified, separated by commas. 


An object variable is an identifier that represents an operand value 
during the assembly process. The declaration of an object variable 
only declares the name and does not define the object variable. For 
example: 


VAR AR: OBJECT; 


NOTE 
An object variable must be declared before being 
referenced. At the time the object variable is 
referenced, it might be undefined or defined. 


An object variable that has been declared can be defined with a 
Statement of the form: 


Whenever an object variable is used, the variable is replaced by the 
value that the variable represents. For example: 


AR 3::= R4; % defines value of AR 
LD AR, 33 % identical to LD R4, 3; 


Unlike a symbolic constant, an object variable can be redefined with a 
different value. For example: 


AR ::= 53 % redefines object variable AR 
LD RO, AR; % identical to LD RO, 5; 


Any variable declared with the VAR directive is initialized to the 
value NIL.- NIL is a special identifier that indicates an undefined 
state. The operator NULL can be used to test for the special value 
NIL. See the IF directive later in this chapter. 


All macro parameters are automatically treated as object variables 
within the macro. Macro parameters are discussed in chapter 4. 


An object variable with the value NIL can be used as a label and causes 
definition of an assembler-generated label. Subsequent references to 
the object variable are replaced by the assembler-generated label, 
unless the object variable is redefined or reset to NIL. Im order to 
use labels inside macros (see chapter 4), declare them as object 
variables. 
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3-9. IF DIRECTIVE 


The IF directive can be used for conditional assembly. In conditional 
assembly, statements are assembled or not assembled depending on a 
particular condition. 


The IF directive can also be effective at run time. If a particular 
condition cannot be evaluated at assembly time, the condition must be 
tested at run time. Additional code is generated by the assembler to 
support testing of the condition at run time. 


The IF directive has one of two forms IF-THEN or IF-THEN-ELSE: 


IF test 
THEN statement]; 


IF test 
THEN statement l 
ELSE statement2; 


where test is the condition test. The nature of the test 
determines whether the IF is for assembly time or run time. 


where statementl for the THEN part is a single or compound 
statement to be assembled or run if the test is true. 


and where statement2 for the optional ELSE part is a single or 
compound statement to be assembled or run if the test is 
false. 


An assembly time IF test can be: 
l. The condition code TRUE or FALSE. For example: 


CONST SWITCH = TRUE; 


IF SWITCH 
THEN 


2. An expression with the NULL operator and an object variable. 
The NULL test is true if the object variable has the special 
value NIL, which indicates an undefined state. For example: 


VAR URT: OBJECT; 


IF NULL URT 
THEN 
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An arithmetic comparison. The first argument is a numeric 
value or subexpression result. The operator is EQ, NE, a 
signed comparison operator (LT, LE, GTI, GE), or an unsigned 
comparison operator (LLT, LLE, LGT, LGE). The second argument 
is a numeric value, a subexpression result, or a string of 4 
characters or fewer. A string of 1 to 3 characters is 


right-justified and zero-filled before being used as a numeric 
value. For example: 


CONST BLOCK = 4; 


IF BLOCK GT 2 
THEN 


A string comparison. The first argument is a string or string 
expression. The operator is EQ, NE, or an unsigned comparison 
operator (LLT, LLE, LGT, LGE). The second argument is a 
string or string expression. The EQ and NE operators test for 
the same length and character value. The unsigned comparison 
operators test by ASCII collating sequence. For example: 


CONST DRIVE = “B:’;3 


IF DRIVE EQ ’A:’ 
THEN 


A logical operation with NOT. The operator NOT can be applied 


to the tests 1 through 4. For example: 


IF NOT NULL URT 
THEN 


A logical comparison with AND or OR. Any 2 of the tests 1 


through 5 can be combined with the AND or OR operator. For 
example: 


( 


IF NOT NULL URT AND SWITCH 
THEN 


A run time IF test generates additional AmZ8000 code that consists of 
CP (or OR) and JR instructions. The T (trace) option on the MACZ 


product 


call causes display of trace messages that identify the 


additional generated instructions. A run time IF test can be: 
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l. An AmZ8000 condition code. For example: 


IF NOV 
THEN 


2 An AmZ8000 condition code preceded by NOT. For example: 


IF NOT CY 
THEN 


3 A register comparison. The first argument is a register. The 
operator is EQ, NE, a signed comparison operator (LT, LE, GT, 
GE), or an unsigned comparison operator (LLT, LLE, LGT, LGE). 
The second argument is another register or a = numeric 
expression. For example: 


IF R3 GT 0 
THEN 


The entire IF directive ends with a semicolon. No semicolons are used 
within an IF directive that contains single statements. For example: 


IF NULL X 
THEN 
LD R2, 0 
ELSE 
LD R2, X; 


Semicolons can occur within compound statements. Note that the last 
single statement has no semicolon. For example: 


IF R12 LT 4 
THEN 
BEGIN 
CALL XCALC; 
CALL SHIFT 


END 

ELSE 
BEGIN 
LD R1O, R12; 
LD R12, 14; 
CALL SHIFT 
END; 
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IF directives can be nested to one or more levels. For example: _ 


IF SWITCH 
THEN 
IF R12 LT 4 
THEN 
3-10. FOR DIRECTIVE 4 
The FOR directive is used for repetitive assembly, where statements are 
reassembled repeatedly in a specific way. The FOR directive has one of 
three forms: 
FOR exp DO 
statement; 
FOR var IN list DO 
statement; y 
FOR var IN string DO | — 
statement; | 
where exp is a constant or numeric expression for the number 
of times assembly is to be repeated. 
where var is an object variable (or macro parameter). 
where list is a list value. i 
: : ; ; : a. 
where string is a string or string expression. ee 


and where statement is a single or compound statement to be 
assembled repeatedly. 


When the first form is used, assembly is repeated a specified number of 
times. For example: 


FOR 12 DO 
BYTE: 0; 


is equivalent to: 
BYTE: 0,0,0,0,0,0,0,0,0,0,0,0; 


When the second form is used, assembly is repeated as many times as var 
can be set to successive items in list. For example: 


es 


VAR Y: OBJECT; 


FOR Y IN (1,2,3,4,5,6) DO 
BYTE: Y; 


is equivalent to: 


BYTE: 15253454, 95603 


When the third form is used, assembly is reneated as many times as var 
can be set to successive characters in a string expression. For 
example: 

VAR Z: OBJECT; 


FOR Z IN “’ABCDEF’ DO 
BYTE: Z; 


is equivalent to: 


BYTE: th CP BOG OD nee 


The statement used in the FOR directive can be a compound statement, as 
described in chapter 2. For example: 


VAR X: OBJECT; 
x i= 0; 
FOR 256 DO 
BEGIN 
BYTE: ».G 
X <°3= X + l 
END; 


reserves a total of 256 bytes containing consecutive values from 0 
through 255. 


The FOR directive can be nested to one or more levels. For example: 


FOR 10 DO 
BEGIN 
BYTE: 0; 
FOR 7 DO 
BYTE: #40 
END; 


defines a total of 80 bytes, with each group of 8 consisting of one 
byte with the value 0 and seven bytes with the value #40. 


3-11. TITLE DIRECTIVE 


The program name is automatically used as the title at the top of each 
listing page in the .PRN file. The TITLE directive is used to change 
the title and has the form: | 
TITLE string; 
where string is a string or string expression. 


For example: 


TITLE ‘SIZE TEST’; 


3-12. PAGE DIRECTIVE 


The PAGE directive sets the size of each listing page in the .PRN file 
and has the form: 


PAGE exp; 


where exp is a constant or numeric expression for the number 
of source lines per listing page. 


The default is 45 source lines per page, and the assembler inserts a 
form feed (ASCII OC) into the listing after each group of 45 lines. 


The page size must be in the range 10 to 255. For example: 


PAGE 48; 


3-13. EJECT DIRECTIVE 


The EJECT directive causes a page eject in the .PRN file and has the 
form: 


EJECT; 


The EJECT directive resets the line count for the PAGE directive to 0. 
EJECT is often used after each major part of a program. 


3-14. INCLUDE DIRECTIVE 


The INCLUDE directive specifies a file containing additional source 
text for the program. The contents of the file are included in the 
program, replacing the INCLUDE directive. The INCLUDE directive has 
the form: | 


Ae 

et 
ag 
\ a 
4, 


INCLUDE filename; 


where filename is any string or string expression. that 
specifies the name of the file to be included. 


The default drive designator is the same as the drive for the source 
file. The file name and file type (extension) must be specified. 


For example: 
INCLUDE ’ACE.ZSC’; 


includes the contents of the file ACE.ZSC in the program at the place 
where the INCLUDE directive appears. 


The INCLUDE directive can be nested to one to three levels. A file 


that is being included can contain INCLUDE directives. The INCLUDE 
directives are processed in the order in which they are encountered. 


3-15. NOLIST DIRECTIVE 


The NOLIST directive suppresses listing of the program. Program 
listing is suppressed from the NOLIST directive to the end of the 
program, or from the NOLIST directive to the appearance of a LIST 
directive. The NOLIST directive has the form: 


NOLIST; 


3-16. LIST DIRECTIVE 
The LIST directive reactivates listing of the program. Program listing 


is activated until the end of the program, or until another NOLIST 
directive is encountered. The LIST directive has the form: 


LIST; 


Aa 
a 


for 


CHAPTER 4 
MACRO USAGE 


A macro is defined once and then called at various times during program 
assembly. Once a macro has been defined, a macro reference causes 
assembly of the code or data values defined by the macro. A macro is 
therefore like a subroutine, except that a macro is effective at 
assembly time rather than execution time. 


Macro calls can cause assembly of the same code or data values at 
different places in the program. Like subroutines, macros can have 
parameters. If the macro has been defined with parameters, arguments 
can be passed to the macro when the macro is referenced. Therefore, 
macro calls can also cause assembly of different code or data values, 
depending on the arguments passed to the macro. 


Macros in MACRO8000 are treated as syntax macros rather than lexical 
macros. When a macro definition is encountered during assembly, the 
assembler processes statements in the macro to produce an intermediate, 
internal representation. Later, when the macro is referenced, the 
assembler expands the macro from the already-processed intermediate 
form. This type of macro processing results in quick assembly of 
macros. 


4-1. MACRO DIRECTIVE 
The MACRO directive declares a macro and takes the form: 
MACRO macro parameters; 
where macro is the macro name 
and where parameters is an optional list of macro parameter 
names. One or more parameters can appear, separated by 


commas e 


The MACRO directive is the first statement, and the rest of the macro 
has the following structure: 


Any CONST directives for symbolic constants defined in the macro 
Any VAR directives for object variables defined in the macro 

A compound statement (BEGIN through END) that is the body of the 
macro. The compound statement can include instructions, 


directives, and other compound statements, as well as references to 
other macros. 


For example: 


MACRO FILL; % defines 40 bytes that are spaces 
BEGIN 
FOR 40 DO 
BYTE: #20 
END; 


A macro reference for the FILL macro would be: 
FILL3 


Note that the code or data values generated by the macro appear in the 
listing when the macro is referenced, not when the macro is defined. 


NOTE 
Any macro referenced in the program must have been 
defined earlier in the program. In the same way, 
any macro referenced from within a macro must also 
have been defined earlier in the program. 


4-2. MACRO PARAMETERS 


All macro parameters listed on the MACRO directive are treated as 
object variables within the macro. VAR directives are not necessary 
and are not used for the macro parameters. Note that an object 
variable can have any valid operand value. A macro parameter can 
therefore have a value that is a constant, a numeric expression, an 
operand in any addressing mode, a flag, a condition code, and so forth. 


Since the parameters are object variables, each parameter is defined as 
the corresponding argument passed to the macro. For example: 


MACRO PRT HEX BYTE; 
CONST FOUR = 4; 
BEGIN 
LDB RL3, BYTE; 
CALL HEXVERT; 
ORLB RL3, FOUR; 
CALL HEXVERT 
END; 


can be followed by the macro reference: 
PRT HEX RH6; 


which passes the value RH6 as an argument to the macro. Within the 
macro, RH6 is used as the value of BYTE. The macro reference: 


PRT HEX #41; 
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ce 


would pass a different value as an argument and result in the 
generation of different code, using #41 as the value of BYTE. 


An argument can be supplied for each parameter, or some arguments can 
be omitted. Since parameters are treated as object variables, the NULL 
operator can be used to test for defined parameters. For example: 


MACRO XTR A, B, G; 
BEGIN 
BYTE: A3 
LF NOT NULL B THEN 
BYTE: B3 
IF NOT NULL C THEN 
LONG: C 
END; 


is defined with 3 parameters. The macro reference: 
XTR 4s 
defines one byte, while the macro reference: 
XTR Oo. Lg. 23 
defines two bytes and one long word by supplying values for parameters 
A, B, and C. If an argument that is supplied follows an omitted 


argument, then the position of the omitted argument must be preserved. 
For instance: 


XTR #5050, , #2020: 


defines one byte and one long word by supplying values only for 
parameters A and C. 


A particularly powerful feature is the ability to pass a list to a 
macro, so that the list can be used in a FOR directive. For example: 


MACRO ZERO REG LIST; 


VAR X: OBJECT; 

BEGIN 

FOR X IN REG LIST DO 

LD x, 0 

END; 

ZERO (R5)3 % sets one register to zero 


ZERO (RO, Rl, R2, R3, R4, R5, R12, R13); 
% sets all eight registers to zero 


-. 


afi 


CHAPTER 5 
MODULES AND SEGMENTS 


5-1. PROGRAM SEGMENTS 


An AmZ8000 source program can be constructed out of or more modules, 
each contained in a separate source file. The module is the smallest 
programming unit that can be assembled separately. Programmers can 
subdivide modules into program segments; for example, a module will be 
partitioned into a code segment and a data segment. Segments cannot be 
assembled separately; they are simply used to partition modules. 
However, once several modules have been assembied, eacn containing 
several segments, LINK8000 can be used to rearrange and combine the 
segments in an arbitrary manner. A segment is thus the smallest 
programming unit that can be manipulated by the linker. Consult the 
LINK8000 User’s Manual for more details. 


This chapter describes the directives used to construct modules and 
program segments. The concept of a program segment must be clearly 
distinguished from the concept of a segmented address. A program 
segment is a software concept; a segmented address is an architectural 
concept. Program segments can be defined for programs that will be 
executed on the AmZ8002 processor, but this processor cannot use 
segmented addresses. 


5-2. SEGMENTED ADDRESSES 


The AmZ8001 processor always generates two component memory address 
references. The first component, a seven-bit segment number, is 
generated on lines SNo-SNg (see the AmZ8000 Family Data Book). The 
second component, a 15-bit offset, is generated on lines ADg-AD ]5- 
These two component segmented addresses are stored in two words of 
memory (32-bits) or in a register pair. The storage format of a 
segmented address is shown in Figure 5-l. 
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Figure 5-1. Segmented Address 


The AmZ8002 processor, which lacks lines SNo-SNg. generates one 
component non-segmented addresses that are 15-bits' long. These 
non~segmented addresses are stored in one word of memory or in a word 
register (see figure 5-2). 
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Figure 5-2. Non-Segmented Address 


The address space of the AmZ8002 is thus a single, 64K linear space. 
The AmZ8001 address space, on the other hand, consists of 2/=128 
separate 64K linear address spaces, which we will call hardware 
segments (to distinguish them from program segments). The linker 
directive SETLSEG can be used to assign program segments to different 
AmZ8001 hardware segments. In the AmZ8002, all program segments are 
put into the same 64K address space. Read chapter 3 of the LINK8000 
User’s Manual for more information. 


Two features of the AmZ8001, non-segmented mode and the short-offset 
format, give users the option of storing addresses in 15-bit words 
instead of 32-bit word pairs. Both these features are supported by 
MACRO8000. 


The segmentation mode is controlled by a bit in the FCW (see the 
AmZ8000 Data Book). When this bit is set, the AmZ8001 expects all 
addresses to be in the two-word format shown in figure 5-1. When this 
bit is cleared, the AmZ8001 is said to be in non-segmented mode; the 
segment number bits in the PC are frozen and cannot be altered; and the 
processor expects addresses to be in the 15-bit format shown in figure 
9-2. The AmZ8001 still generates segmented addresses when it is in 
non-segmented mode, but the SNg-SNg lines cannot be changed by the 
programmer. MACRO8000 supports non-segmented mode through the 
directives MOD NS and MOD SEG, which are discussed in section 5-ll. 


The short offset format of segmented addresses is shown in figure 5-3. 
A short offset address contains a full /-bit segment number, but only 
an 8-bit offset. Consequently, short offset addresses can access only 
the first 28=256 locations in each segment. These first 256 
locations are called page zero. The processor distinguishes short 
format addresses from long format addresses by examining bit 15 in the 
first word of the address. If that bit is 1, the address has two 
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words; if the bit is 0, the address is a 15-bit short format address. 
The assembler directives PAGEO, EXT PGO, and GLB PGO, which are 
discussed in section 5-12, enable the user to specify the address 
format. 
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Figure 5-3. Segmented Short-Offset Address 
5-3. MODULE DIRECTIVE AND END 


The MODULE directive is required to establish the name of a module. A 
source file contains a single module, and a modular program consists of 
one or more separately assembled modules. The MODULE directive has the 
form: 


MODULE string; 


where string is a string or string expression that specifies 
the module name. 


Each module begins with a MODULE directive, and END. is required at the 
end of the module. For example: 


MODULE ‘THIS ONE’; 


END. 


The module name is used as the title at the top of each listing page. 
The title can be changed with the TITLE directive (see chapter 3). 


5-4. HEADER DIRECTIVE 
The HEADER directive supplies one or more header lines at the beginning 
of the relocatable object file for each module. The HEADER directive 


has the form: 


HEADER string,... string; 
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where each string is a string or string expression that 
produces one identification line in the .ZRL file. One or 
more identification lines can be specified. 


The user can supply date and time information, for instance, at the 
beginning of each .ZRL file. When a .-ZRL file is listed at the 
console, the header lines provide for identification of the file. The 
other information in the relocatable file is specially coded for the 
linker LINK8000 and is not readable. 


5-5. SEGMENT DIRECTIVE 


The SEGMENT directive defines a program segment that can be manipulated 
by the linker LINK8000. The assigning program segments to AmZ8001 
hardware segments is accomplished by linker (see the LINK8000 User’s 
Manual). The SEGMENT directive has one of the forms: 

SEGMENT string; 

SEGMENT [attr], string; 

SEGMENT @PRIOR; 


where string is a string or string expression for the segment 
name. 


where attr is an optional segment attribute @COM for common. 
and where @PRIOR indicates a reset to the segment previously 
defined. 

If the segment name is supplied but no segment attribute is specified, 


LINK8000 directives later determine where the segment is placed. 


The attribute associated with the named segment cannot be changed 
within the program. 


At the beginning of a new segment, the assembler automatically resets 
the location counter to 0. The location counter can be changed with 
the ORIGIN directive described in chapter 3. 


Each segment is known by its name. Any attribute declared for a 
segment continues to be associated with the segment. Therefore, a @COM 


attribute need not be repeated. 


A module that contains no segment definitions is treated as a single 
segment with no attributes and with the same name as the module. 
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5-6. COMMON SEGMENT 


A segment with attribute @COM is a relocatable common segment that can 
be used for code and/or data. The location counter is set to O for the 
first SEGMENT directive that names a common segment. The location 
counter can be changed with an ORIGIN directive. 


During assembly, common segments look quite similar to ordinary 
segments. Subsequent directives for the same common segment in 
different modules refer, at link time, to the same space. Common 
segments in different modules, to be linked, must be the same size. 


Multiple SEGMENT directives can name the same common segment. The 
first directive defines the common segment, and subsequent directives 
refer to the same space. Subsequent SEGMENT directives can extend the 
common segment within the same module. For example: 


MODULE ‘’M4’; 


SEGMENT [@COM], ’Cl’; % starts common segment 


SEGMENT ’OTHER’ ; % start or extend another segment 


SEGMENT [@COM], ’C1’; %Z extends common segment 


END. 


The size of a common segment is defined to be the largest value of the 
location number at the end of the segment. 


5-7. PRIOR SEGMENT 


If @PRIOR is used in the SEGMENT directive, the directive is a reset to 
the prior segment. For example: 


MODULE ‘M6’; 


SEGMENT ’X1’; % defines segment Xl with no attribute 


SEGMENT [@COM], ‘COMMON’ ; 


SEGMENT @PRIOR; % continues segment Xl 


ae 


If no prior segment exists, SEGMENT @PRIOR generates an informative 
error and the current segment is used. 


5-8. GLOBAL DIRECTIVE 


Communication between modules involves the use of external labels. The 
GLOBAL and EXTERNAL directives are involved. The GLOBAL directive has 
the form: 


GLOBAL label,... label; 


where each label is a label declared as global. One or more 
labels can be specified, separated by commas. 


Each label declared GLOBAL defines an address that is known in other 
modules when those modules declare the same name as external. That is, 
the GLOBAL directive declares a label as global in scope. 


5-9. EXTERNAL DIRECTIVE 


The EXTERNAL directive declares a label as external to the module. The 
label declared external is associated at link time with a label 


declared as global in some other module. The EXTERNAL directive takes 
the form: 


EXTERNAL label,... label; 


where label is a label declared as global in another module. 
One or more labels can be specified, separated by commas. 


For example, one assembly might be for the following module: 


MODULE ‘Y2’; 
GLOBAL D4, D5; 


D4: 


D5: 


END. 


and another assembly might be for the following module: 
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MODULE ‘Y’; 
EXTERNAL D4, D5; 


END. 


Another symbol can be used to declare labels external to the module: 
the double pound-sign (##) used as a suffix. When applied to a label, 
this symbol converts the label into an external reference (assuming it 
has not already been so identified). For example: 


CALL EXP##; 
is equivalent to 


EXTERNAL EXP; 
CALL EXP; 


5-10. SEGMENTED ADDRESS GENERATION 


When the assembler is invoked with the S option, the code produced is 
targeted for the AmZ8001. When the assembler is invoked without the §S 
option, the code is targeted for the AmZ8002. All code produced for 
the AmZ8002 uses non-segmented addresses, but code produced for the 
AmZ8001 can use either non-segmented or segmented addresses, or both 
types. If the assembler is invoked with the S option, it will produce 
segmented addresses until it encounters the directive 


MOD NS; % activate non-segmented code generation 


whereupon the assembler will switch to producing non-segmented 
addresses. (Obviously, if this directive occurs early in the module, 
the entire module can be made non-segmented. ) 


A second directive can be used to switch the assembler back to 
producing segmented addresses: 


MOD _ SEG; % activate segmented code generation 


Any combination of the two directives can appear in one program module 
that is targeted for an AmZ800l1. 


It is important to realize that the two directives change only the code 
produced by the assembler, they are not AmZ8001 instructions and have 
no effect on the segmentation mode of the processor. The AmZ8001 must 
have the segmentation bit in the FCW set before it can run segmented 
code, and this bit must be cleared before it can run non-segmented 
code. Consequently, the programmer must include instructions to enable 
or disable this bit whenever a change is made from segmented code to 
non-segmented code or vice versa. See the AmZ8001 Instruction Set 
Manual for more details on the segmentation bit and the instructions 
that manipulate it. 


5-11. PAGE 0 DIRECTIVES 


As discussed at the beginning of this chapter, the assembler can 
generate segmented addresses in two formats: long format and _ short 
format. By default, long format addresses are generated. The 
programmer can specify the short address format for labels by using the 
directives 


PAGEO EXT PGO GLB PGO 


Each of these directives can be followed by a list of labels, which are 
thus identified to the assembler as requiring short-form addresses. 
The directive must appear before the label is used in an instruction. 
When the assembler encounters the label in an instruction, it will 
automatically generate a short-form address. Here are some examples: 


PAGEO LAB, TAB; 7%, declare LAB and TAB to be (internal) 
*% short-~address labels 


EXT PGO START; % declare START to be an external short- 
% address label 


GLB PGO SORT; % declare SORT to be a global short- 
% address label 


Short-format addresses are restricted to the first 256 bytes in an 
AmZ8001 hardware segment. It is the responsibility of the programmer 
to ensure that the labels do in fact refer to addresses in this 
255-byte page. At link time, the linker will generate an error message 
if the label address exceeds 255. 


The directive PAGEO can also be used without a list of labels. Used 
this way, the directive instructs the assembler to generate short-form 
addresses for all subsequently defined (or used) labels, with one 
exception; external labels will remain long-format unless they are 
explicitly changed with an EXT PGO directive. 
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CHAPTER 6 
INSTRUCTIONS 


The instructions used in a MACRO8000 program are the AmZ8000 
instructions. The AmZ8000 processor is described in the AmZ8000 Family 
Reference Manuals available from Advanced Micro Devices, Inc. In 
particular, the instruction set is described in the AmZ8001/2 Processor 
Instruction Set manual. The instruction set manual contains detailed 
information such as_ instruction execution times and instruction 
formats. 


MACRO8000 generates codes for the instructions that are written in the 
program, and reserves or defines space for any data values specified in 
the program. Currently, the only additional code generated by 
MACRO8000 are the extra CP, OR, and JR instructions involved in the run 
time form of the IF directive. 


As described in chapter 2, an AmZ8000 instruction has the general form: 
mnemonic operands; 

Each instruction requires a specific number of operands. From 0O 

through 4 operands are required, depending on the instruction. Each 


instruction generates from 1 to 5 words of assembled code. 


In the instruction descriptions in this chapter, certain notations are 
used to show the type of operand required for the instruction: 


Notation Meaning 


dst Destination operand supplied by the user in one of the 
addressing modes listed. 


src Source operand supplied by the user in one of the 
addressing modes listed (when used in program flow 
instructions i.e. jumps and calls; refers to the 
destination address). 


im Immediate operand that is a constant, or an expression 
evaluated at assembly time. 


Yr Register operand that is a byte register, word register, 
register pair, or quad register, depending on_ the 
instruction. 

ir Indirect register operand that is a word register or 


register pair, depending on whether code is assembled for 
the nonsegmented AmZ8002 or segmented AmZ8001 processor. 


exp A constant, or an expression evaluated at assembly time. 


cc AmZ8000 condition code 
SP Stack pointer 

PC Program counter 

PS Program status 


The notations used in instruction descriptions and throughout this 
manual are defined more precisely in appendix C. 


Two assemblies are shown in this chapter. One shows all the AmZ8002 
instructions, while the other shows the AmZ8001 instructions (including 
short offset format). The two lists are presented in parallel, with 
the AmZ8002 version at the top of the right-hand pages and the AmZ8001 
version at the bottom of the right-hand pages. The left hand pages 
contain the corresponding descriptions. 
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0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
Q000 
Q0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
O0000 


PROGRAM INSTRUCT IONS ; 


PAGE 35; 


% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 


THIS PROGRAM ASSEMBLES THE FULL 
SET OF AMZ8000 INSTRUCTIONS, 
USING EACH POSSIBLE OPCODE AND 
ADDRESSING MODE COMBINATION. 


MORE THAN 400 COMBINATIONS EXIST. 


THE POSSTBLE ADDRESSING MODES 
FOR A GIVEN INSTRUCTION ARE 
SHOWN IN ORDER AND WITH 
CONSISTENT VALUES FOR THE 
PURPOSE OF THESE EXAMPLES. 
THE VALUES ARE: 


IMVEDIATE (IM) 5 

REGISTER (R) RH4 , 
R4, 
RR4 


INDIRECT REGISTER (IR) R27” 


MODULE "INSTRUCTIONS" ; 


PAGE 35; 


% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
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% 
% 
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THIS PROGRAM ASSEMBLES THE FULL 
SET OF AMZ8001 INSTRUCTIONS, 
USING EACH POSSIBLE OPCODE AND 
ADDRESSING MODE COMBINATION. 


MORE THAN 500 COMBINATIONS EXIST. 


THE POSSIBLE ADDRESSING MODES 
FOR A GIVEN INSTRUCTION ARE 
SHOWN IN ORDER AND WITH 
CONSISTENT VALUES FOR THE 
PURPOSE OF THESE EXAMPLES. 
THE VALUES ARE: 


IMVEDIATE (IM) 5 

REGISTER (R) RH4, 
R4, 
RR4 


INDIRECT REGISTER (IR) RR2* 
DIRECT ADDRESS (DA) LAB 


DIRECT ADDRESS (DA) 
SEGVENTED SHORT OFFSET LAB SSO 


6-3/6-4 


0000 % DIRECT ADDRESS (DA) LAB 
ooao % 
0000 % RELATIVE ADDRESS (RA) LAB2 
oooo0 % 
0000 % INDEXED (xX) LAB(R1) 
ooag % 
0000 % BASE ADDRESS (BA) R2* (20) 
ooo0 % 
. 0000 % BASE INDEXED (BX) R2°(R1) 
oooo0 % 
0000 % PORT ADDRESS (PA) #OFCO 
5 0000 % 
0000 % PORT REGISTER (PR) R13 
0000 
ooc0 
oooo0 ORIGIN #4200; 
4200 
7 4200 LAB: 
ib 4200 % DEFINED FOR DA AND X OPERANDS 
4200 
4200 INSTRUCT IONS : 
4200 
4200 EJECT; 
ooa0 % 
0000 % RELATIVE ADDRESS (RA) LAB2 
0000 % 
oo00 % INDEXED (xX) LAB(R1) 
f ooo0 % 
XY oooo0 % INDEXED (xX) 
0000 % SEGVENTED SHORT OFFSET LAB_SSO(R1) 
0000 % 
0000 % BASE ADDRESS (BA) RR2* (20) 
oooo0 % 
0000 % BASE INDEXED (BX) RR2*(R1) 
0000 % 
0000 % PORT ADDRESS (PA) #OFCO 
ooco % 
0000 % PORT REGISTER (PR) R13 
ge 0000 
(: 0000 PAGE.O LAB SSO; 
ed ooo0 - 
ooo0 LAB_SSO: 
ooo0 % DEFINED FOR SEGVENTED SHORT OFFSET DA AND X OPERANDS 
| ooao 
i, 0000 ORIGIN $(#1000); 
1000 
1000 LAB: 
: 1000 % DEFINED FOR DA AND X OPERANDS 
1000 
1000 INSTRUCT IONS : 
1000 
1000 EJECT; 


6-5 


6-1. CLEAR, EXCHANGE AND LOAD INSTRUCTIONS 


Instruction Addressing Modes Description 
for dst or src 

CLRB dst R,IR,DA,X Clear 

CLR dst <== 

EXB r sre R,IR,DA,X Exchange 

EX r <===> src 


A 
e 

\ Me 

Na 

X 


4200 
4200 
4200 
4200 
4202 
4204 
4208 
420C 
420E 
4210 
4214 
4218 
4218 
4218 
421A 
421C 
4220 
4224 
4226 
4228 
422C 


1000 
1000 
1000 
1000 
1002 
1004 
100A 
100E 
1014 
1018 
1O1A 
1O1C 
1022 
1026 
TO2C 
1030 
1030 
1030 
1032 
1034 
103A 
LO3E 
1044 
1048 
104A 
104C 
1052 
1056 
105C 


4C08 4200 
4C18 4200 


4D08 4200 
4D18 4200 


6C06 4200 
6C16 4200 


6D06 4200 
6D16 4200 


8C48 
OC 28 
4CO8Soo0o0l 
4CO8P0100 
4C18SO0001 
4C18P0100 
8D48 
0D28 
4D08S0001 
4D08P0100 
4D18S0001 
4D18P0100 


AC46 
2C26 
6C06S0001 
6CO06P0100 
6C16S0001 
6C16P0100 
AD46 
2D26 
6D06S0001 
6D06P0100 
6D1é6éS0001 
6D16P0100 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


TITLE 

% CLEAR 

CLRB RH4 ; 

CLRB R2*; 

CLRB LAB; 

CLRB LAB(R1) ; 
CLR R4; 

CLR R2*; 

CLR LAB; 

CLR LAB(R1); 

% EXCHANGE 

EXB RH6 ,RH4; 
EXB RH6 ,LAB; 

EXB RH6 ,LAB(R1); 
EX R6,R4; 

EX R6,5;R2°3 

EX R6,LAB; 

EX R6,LAB(R1); 
TITLE 

% CLEAR 

CLRB RH4 ; 

CLRB RR2*; 

CLRB LAB; 

CLRB LAB SSO; 
CLRB LAB(R1); 
CLRB LAB _SSO(R1); 
CLR R4; 

CLR RR2*; 

CLR LAB; 

CLR LAB SSO; 
CLR LAB(R1); 
CLR LAB _SSO(R1); 
% EXCHANGE 

EXB RH6 ,RH4; 

EXB RH6 ,RR2*; 
EXB RH6 ,LAB; 

EXB RH6,LAB SSO; 
EXB RH6,LAB(R1); 
EXB RH6,LAB_ SSO(R1); 
EX R6,R4; 

EX R6,RR2°*; 

EX R6,LAB; 

EX R6,LAB SSO; 
EX R6,LAB(R1); 
EX 


‘CLEAR, EXCHANGE, AND LOAD’; 


“CLEAR, EXCHANGE, AND LOAD’; 


R6,LAB_SSO(R1); 
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LDB 
LD 
LDL 
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r,src 


IM,R,IR,DA,X,BA,BX Load to Register 
r <== sre 


ON 


\ 


\ 


4230 
4230 
4230 
4232 
4234 
4236 
423A 
423E 
4242 
4246 
424A 
424C 
424E 
4252 
4256 
425A 
425E 
4264 
4266 
4268 
426C 
4270 
4274 
4278 


1060 
1060 
1060 
1062 
1064 
1066 
106C 
1070 
1076 
107A 
LO7E 
1082 
1086 
1088 
108A 
1090 
1094 
1O9A 
LO9E 
LOAZ2 
10A6 
10AC 
LOAE 
10B0 
10B6 
1OBA 
10CO 
10C4 
10C8 


C605 
A046 
2026 
6006 
6016 
3026 
7026 
2106 
A146 
2126 
6106 
6116 
3126 
7126 
1406 
9446 
1426 
9406 
5416 
3526 
1526 


4200 
4200 
0014 
0100 
0005 


4200 
4200 
0014 
0100 
0000 


4200 
4200 
0014 
0100 


C605 

A046 

2026 

6006S0001 
6006P0100 
6016S0001 
6016P0100 
3026 0014 
7026 0100 
2106 0005 
A146 

2126 

6106S0001 
6106P0100 
6116S0001 
6116P0100 
3126 0014 
7126 O100 
1406 O000 
9446 

1426 

5406S0001 
5406P0100 
5416S0001 
9416P0100 
3526 0014 
7526 0100 


0005 


1000 


1000 


1000 


1000 


0005 


1000 


1000 


% LOAD TO REGISTER 


LDB 


RH6 ,LAB; 

RH6 ,LAB(R1); 
RH6 ,R2*(20); 
RH6,R2*(R1); 
R6,535 


R6,LAB; 
R6,LAB(R1); 
R6,R2*(20); 
R6,R2*(R1); 
RR6,5; 
RR6,RR4; 
RR6,R2*; 

RR6 ,LAB; 
RR6,LAB(R1); 
RR6,R2* (20); 
RR6,R2*(R1); 


% LOAD TO REGISTER 


LDB 
LDB 
_LDB 
LDB 


_DB 


RH6, 53 

RH6 ,RH4; 

RH6 ,RR2*; 
RH6 ,LAB; 
RH6,LAB SSO; 
RH6,LAB(R1); 


RH6,LAB SSO(R1); 


RH6 ,RR2* (20); 
RH6 ,RR2*(R1); 
R6,53 

R6,R4;3 
R6,RR2°*; 
R6,LAB; 
R6,LAB SSO; 
R6,LAB(RI1); 
R6,LAB_SSO(R1); 
R6,RR2*(20); 
R6,RR2*(R1); 
RR6, 5; 
RR6,RR4; 
RR6,RR2*; 
RR6,LAB; 
RR6,LAB SSO; 
RR6,LAB(R1); 


RR6,LAB SSO(R1); 


RR6,RR2* (20); 
RR6,RR2*(R1); 
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LDB 
LD 
LDL 
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dst,r 


IR,DA,X,BA, BX 


Load to Memory 
dst <==r 


( 


ve 


4278 
4278 
427A 
427E 
4282 
4286 
428A 
428C 
4290 
4294 
4298 
429C 
429E 
42A2 
42A6 
42AA 


10CC 
10CC 
10CC 
10CE 
10D4 
10D8 
1 ODE 
1OE2 
1OE6 
1OEA 
LOEC 
1OF 2 
1OF 6 
LOFC 
1100 
1104 
1108 
110A 
1110 
1114 
LLIA 
LI1E 
1122 


2E26 
6E06 
6E 16 
3226 
7226 
2F 26 
6F 06 
6F 16 
3326 
7326 
1D26 
2D06 
29D16 
3726 
1726 


4200 
4200 
0014 
0100 


4200 
4200 
0014 
0100 


4200 
4200 
0014 
0100 


2E26 

6E06S0001 
6E06P0100 
6£16S0001 
6E16P0100 
3226 0014 
7226 O100 
2F 26 

6F 06S0001 
6F 06P0100 


6F1é6S0001 
6F 16P0100 
3326 0014 
7326 0100 
1D26 

5SDVESO001 
2D06P0100 
9D1éSO001 
29D16P0100 
3726 0014 
7726 0100 


1000 


1000 


1000 


1000 


1000 


1000 


% LOAD TO MEMORY 


_DB 


RZ RAO 
LAB ,RH6; 
LAB(R1) ,RH6; 
R2*(20) ,RH6; 
R2*(R1),RH6; 
R2*,R6; 
LAB ,R6; 
LAB(R1),R6;3 
R2*(20),R6; 
R2*(R1),R6; 
R2*,RR6; 
LAB,RR6; 
LAB(R1),RR6; 
R2*(20) ,RR6: 
R2*(R1),RR6; 


% LOAD TO MEMORY 


RR2*,RH6; 
LAB ,RH6; 

LAB SSO,RH6; 
LAB(R1) ,RH6; 


LAB SSO(R1),RH6; 


RR2* (20) ,RH6; 
RR2*(R1) ,RH6; 
RR2*,R6; 
LAB,R6; 

LAB _SSO,R6; 
LAB(R1),R6; 
LAB_SSO(R1) ,R6; 
RR2*(20) ,R6; 
RR2*(R1),R6; 
RR2*,RR6; 

LAB ,RR6; 

LAB SSO,RR6; 
LAB(R1),RR6; 


LAB SSO(R1) ,RR6; 


RR2* (20) ,RR6; 
RR2*(R1),RR6; 
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LDB 
LD 


LD 


LDK 


dst,im 


Yr, src 


IR,DA,X 


DA,X, BA, BX 


Load Immediate to Memory 
dst <== im 


Load Address 
r <== “sre 


Load Constant 
r <== exp 
(exp is 0 to 15) 


vam 


42AE 
42AE 
42AE 
42B2 
42B8 
42BE 
42C2 
42C8 
42CE 
42CE 
42CE 
42D2 
42D6 
42DA 
4 2DF 
4 2DE 
4 2DE 


1126 


1126 
1126 
112A 
1130 
1132 
1138 
L1I3E 
1140 
1146 
114A 
1150 
1152 
1158 
LOE: 
1160 
1166 
1166 
1166 
116C 
1170 
1176 
117A 
L1I7E 
1182 
1182 
1182 


0C25 


0505 
4200 
4200 
0005 
4200 
4200 


4200 
4200 
0014 
0100 


0505 


4C0O5S0001 


0505 


4C05P0100 
4C15s0001 


0505 


4C15P0100 


0D25 


0005 


4D05S0001 


0005 


4D05P0100 
401550001 


0005 


4D15P0100 


140ASO0001 
760AP0100 
761ASO0001 
761AP0100 


342A 


0014 


742A 0100 


BD48 


0505 
0505 


0005 
0005 


1000 


0505 
1000 


0505 
1000 


0005 
1000 


0005 


1000 


1000 


% LOAD IMVEDIATE TO MEMORY 


LDB 


a2 gos 
LAB, 5; 
LAB(R1),5; 
RZ 39% 
LAB,5; 
LAB(R1) ,5; 


% LOAD ADDRESS 


R11, *LAB; 
R11,*LAB(R1); 
R11,*(R2*(20)); 
R11,*(R2*(R1)); 


% LOAD CONSTANT 


LDK 


R4,8; 


% LOAD IMVEDIATE TO MEMORY 


LDB 
LDB 


LD 


RR2Z 438 
LAB,5;3 


LAB SSO,5; 
LAB(R1),5; 


LAB_SSO(R1),5; 
RIRZ 3.0% 
LAB, 53 


LAB SSO,5; 
LAB(R1),53 


LAB SSO(R1),5; 


% LOAD ADDRESS 


RR10, *LAB; 
RR10,*LAB_ SSO; 
RR10,*LAB(R1); 
RR10,°*LAB SSO(R1); 
RR10,*(RR2*(20)); 
RR10,*(RR2*(R1)); 


% LOAD CONSTANT 


LDK 


R4,8;3 


LDRB r,sre RA Load Relative to Register —_ 


LDR r <== src : Ree y 

LDRL 

LDRB dst,r RA Load Relative to Memory 

LDR dst <== r 

LDRL oe 
NOTE ‘ 


For AmZ8001, the relative address range available 
is the address space of the current segment. 


LDR cs Sre RA Load Address Relative 
r <== “src 


(Z8001--current segment ) 


LDM r,src,exp IR,DA,X Load Multiple 
r <== sre 
(starting at r and src, ) 
load exp consecutive Sener 
registers; exp is 1 to 16) 


Par 


es. 


1 


& 


foe 
: 


42E0 
42E0 
42E0 
42E0 
42E4 
42E8 
42EC 
42EC 
42EC 
42F0 
42F4 
42F 8 
42F 8 
42F 8 
42FC 
42FC 
42FC 
4300 
4306 


1184 
1184 
1184 
1188 
118C 
1190 
1190 
1190 
1194 
1198 
119C 
LLC 
L19C 
LIAO 
L1A0 
L1A0 
11A4 
L1A8 
L1AC 
11B2 
11B6 
11iBA 
11C0 


3006 
3106 
3506 


3206 
3306 
3706 


340B 


Lez 
59CO 1 
9Cil 


2006 
5106 
3506 


3206 
3306 
3706 


S40A 


LCA 
ICO 1 
1000 
ICO lL 
SC11 
1000 
Dede 


FF1C 
FF18 
FF14 


FF10 
FF OC 
FFO8 


FFO4 


0805 
0805 
O805 


FE 78 
FE74 
FE 70 


FE6C 
FE68 
FE64 


FE60 


O805 


4200 
4200 


0805S0001 


O0805P0100 
O805S0001 


0805P0100 


% LOAD RELATIVE TO REGISTER 
LDRB RH6 ,LAB; 
LDR R6,LAB; 
LDRL RR6,LAB; 


% LOAD RELATIVE TO MEMORY 
LDRB LAB ,RH6; 
LDR LAB,R6; 
LDRL LAB,RR6; 


%OAD ADDRESS RELATIVE 


LDR R11, “LAB; 

% LOAD MJILTIPLE TO REGISTER 
LDM R8,R2*,63 

LDM R8,LAB, 6; 

LDM R8,LAB(R1) ,6; 


% LOAD RELATIVE TO REGISTER 
LDRB RH6 ,LAB; 
LDR R6,LAB; 
LDRL RR6,LAB; 


% LOAD RELATIVE TO MEMORY 
LDRB LAB ,RH6; 
LDR LAB ,R6; 
LORL LAB,RR6; 


YOAD ADDRESS RELATIVE 
LDRL RR1O, *LAB; 


% LOAD MITIPLE TO REGISTER 


LDM R8,RR2*,6; 

LDM R8,LAB,6; 

LDM R8,LAB_SSO, 6; 
LDM R8,LAB(R1) , 6; 
LDM R8,LAB SSO(R1) ,6; 


LDM 


LDDB 
LDD 


LDDRB 
LDDR 


LDIB 
LDI 


LDIRB 
LDIR 


dst,r,exp 


dst,src,r 


dst,src,r 


dst,src,r 


dst,src,r 


IR,DA,X 


IR 


IR 


IR 


IR 


Load Multiple to Memory 
dst <== r | 
(starting at dst and r, 
load exp consecutive 
registers; exp is 1 to 16) 


Load and Decrement 

dst <== src 

Autodecrement dst and src 
r =F=r- l 


Load, Decrement and Repeat 
dst <== src 

Autodecrement dst and src 
ro <= r= 

(repeat until r = 0) 


Load and Increment 
dst <== src 
Autoincrement dst and src 


r <==r- l 


Load, Increment and Repeat 
dst <== sre 

Autoincrement dst and src 
r<cr- il 

(repeat until r = 0) 


—_— 


‘ 


430C 
430C 
430C 
430C 
4310 
4316 
431C 
4351C 
431C 
431C 
4320 
43524 
43524 
4324 
4324 
4328 
432C 
432C 
432C 
432C 
432C 
4330 
4334 
4334 
4334 
4334 
4338 
433C 


1C29 
9CO9I 
9C19 


BA29 
BB29 


RA?9 
BB29 


BA21 
BB21 


BA21 
BB21 


1C29 
5SCO9 
1000 
2CO9I 
2C19 
1000 
IE1D 


BA29 
BB29 


BA29 


BB29 


BAZ 1 


BB21 


BA2 1 
BB21 


0805 
0805 
0805 


0988 
0988 


NORD 
0980 


0988 
0988 


0980 
0980 


0805 


4200 
4200 


O805S0001 


O805P0100 
O805S0001 


O805P0100 


0988 
0988 


0980 


0980 


0988 


0988 


0980 
0980 


% LOAD MJILTIPLE TO MEMORY 


DM 
LDM 
LDM 


R2*,R8,6; 
LAB,R8, 6; 
LAB(R1),R8,6; 


% LOAD AND DECREMENT 


LDDB 
LDD 


% LOAD, DECREMENT, AND REPEAT 
| DORB 


LDDR 


R8* ,R2* ,R9I; 
R8B* ,R2* , RI; 


RB* R27 RD: 
RS* RZ »sRIZs3 


% LOAD AND INCREMENT 


LDIB 
LDI 


% LOAD, 
LDIRB 


LDIR 


R8*,R2*,R9; 
R8*,R2*,R9; 


INCREMENT, AND REPEAT 


RE“ RZ ,RIs 
Ro RZ Ro: 


% LO D MITIPLE TO MEMORY 


LDM 
LDM 


LDM 
DM 


LDM 


RR2*,R8,6; 
LAB,R8,6; 


LAB SSO,R8,6; 
LAB(R1),R8,6; 


LAB SSO(R1),R8,6; 


% LOAD AND DECREMENT 


LDDB 
LDD 


% LOAD, 
L_DDORB 


LDDR 


RR8* ,RR2*,R9; 
RR8*,RR2*,R9; 


DECREMENT, AND REPEAT 


RR8*,RR2*,R9; 
RR8*,RR2*,RI; 


% LOAD AND INCREMENT 


LDIB 
LDI 


% | OAD 9 
LDIRB 


LDIR 


RR8* ,RR2Z* ,RI5 
RR8* ,RR2* RI; 


INCREMENT, AND REPEAT 


RR8* ,RR2* ,RI; 
RRB” RAZ SRI 


6-2. STACK MANIPULATION INSTRUCTIONS rs 
a 


o 
Instruction Addressing Modes Description 
for dst or src 
POP dst,ir R,IR,DA,X Pop 
POPL dst <== what ir points to 


Autoincrement ir after pop 


PUSH ir,sre IM,R,IR,DA,X Push 
Autodecrement ir before push 
What ir points to <== src 


PUSHL ir,src R,IR,DA,X Push long 
Autodecrement ir before push 
What ir points to <== src 


—_ 


— os, 


433C 
433C 
433C 
433C 
4336 
4340 
4344 
4348 
A34A 
434C 
4350 
4354 
4354 
4354 
4358 
435A 
435C 
4360 
4364 
4366 
4368 
436C 


97C4 
L7CZ 
57CO 4200 
57C1 4200 
95C4 
boCZ 
55CO 4200 
55C1 4200 


ODCI 0005 
93C4 

13C2 

23CO 4200 
23C1 4200 
91C4 | 
11C2 

21CO 4200 
21C1l 4200 


97C4 
PICZ 
57CO0SO001 
2 /7COP0100 
97C1S0001 
57C1P0100 
95C4 
15C2 
55COSO0001 
55COP0100 
55C1S0001 
259C1P0100 


ODC9 O005 
93C4 
1 3€Z 
53COSO0001 
5 3COP0100 
53C1S0001 
53C1P0100 
91C4 
11C2 
51COsSO001 
51COP0100 
51C1so0001l 
91C1P0100 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


“STACK MANIPULATION’ ; 


R4,R12°;3 

2 Rs 
LAB,R12%; 
LAB(R1) ,R12°; 
RR4,R12°; 

R2° sRLZ*s 
LAB,R12°; 
LAB(R1) ,R12°; 


R12*,5; 
R12* .R4: 
R12*,R2*; 
R12*,LAB; 
R12*,LAB(R1); 
R12* ,RR4; 
R12*,R2°*; 
R12*,LAB; 
R12*,LAB(R1); 


“STACK MANIPULATION‘ ; 


R4,RR12%*; 
RR2*,RR12°; 
LAB,RR12°*; 

LAB SSO,RR12°; 
LAB(R1),RR12*; 

LAB SSO(R1),RR12°; 
RR4,RR12°*; 
RR2*,RR12*; 
LAB,RR12*; 

LAB SSO,RR12°*; 
LAB(R1),RR12°*; 

LAB _SSO(R1),RR12°*; 


RR12*,LAB_SSO(R1); 
RR12* ,RR4; 

RR12* ,RR2°; 
RR12*,LAB; 
RR12*,LAB_ SSO; 
RR12*,LAB(R1); 
RR12*,LAB_ SSO(R1); 


6-3. ARITHMETIC INSTRUCTIONS 


Instruction 


ADCB r,src 
ADC 


ADDB r,src 
ADD 
ADDL 


DAB dst 
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Addressing Modes 


for dst or src 


R 


IM,R,IR,DA,X 


Description 


Add with Carry 
r <== r + sre + carry 


Add 
r <== r+sre 


Decimal Ad just 
(decimal adjust of dst) 


a 
KY 


ms 


ic 
ca 


a 
vf 
\ i 
lh 


1264 
1264 
1264 
1264 
1266 
1268 
1268 
1268 
126C 
126E 
1270 
1276 
127A 
1280 
1284 
1288 
128A 
128C 
1292 
1296 
129C 
12A0 
12A6 
12A8 
12AA 
12B0 
12B4 
12BA 
12BE 
12BE 
12BE 


B446 
B546 


0006 
8046 
0026 
4006 
4016 
0106 
o146 
0126 
4106 
4116 
1606 
9646 
1626 
2606 
5616 


BO40 


B446 
B546 


0505 


4200 
4200 
O005 


4200 
4200 
0000 


4200 
4200 


0006 0505 


8046 
0026 


4006S0001 
4006P0100 
4016S0001 
4016P0100 
0106 O005 


4106Ss0001 
4106P0100 
4116S0001 
4116P0100 
1606 O000 


9646 
1626 


5606S0001 
2606P0100 
9616SO0001 
2616P0100 


BO40 


O005 


1000 


1000 


1000 
1000 


0005 


1000 


1000 


TITLE “ARITHVETIC’; 
% ADD WITH CARRY 
ADCB RH6 ,RH4; 

ADC R6,R4; 

% ADD 

ADDB RH6 ,53 

ADDB RH6 ,RH4 ; 

ADDB RH6 ,R2*; 

ADDB RH6 ,LAB; 

ADDB RH6 ,LAB(R1); 
ADD R6,5;3 

ADD RE,R4; 

ADD R6,R2°*; 

ADD R6,LAB; 

ADD R6,LAB(R1); 
ADDL RR6,53 

ADDL RR6,RR4; 

ADDL RR6,R2°*; 

ADDL RR6,LAB; 

ADDL RR6,LAB(R1); 
% DECIMAL ADJUST BYTE 
DAB RHG4 ; 

TITLE ‘ARITHVETIC’; 
% ADD WITH CARRY 
ADCB RH6 ,RH4; 

ADC R6,R43 

% ADD 

ADDB RH6 , 5; 

ADDB RH6 ,RH4; 

ADDB RH6 ,RR2*; 
ADDB RH6 ,LAB; 

ADDB RH6 ,LAB_ SSO; 
ADDB RH6 ,LAB(R1); 
ADDB RH6,LAB_SSO(R1); 
ADD R6,5; 

ADD R6,R4; 

ADD R6,RR2°; 

ADD R6,LAB; 

ADD R6,LAB SSO; 
ADD R6,LAB(R1); 
ADD R6,LAB_SSO(R1); 
ADDL RR6,53 

ADDL RR6 ,RR4; 

ADDL RR6,RR2°*; 
ADDL. RR6,LAB; 

ADDL RR6,LAB SSO; 
ADDL. RR6,LAB(R1); 
ADDL RR6,LAB_SSO(R1); 


% DECIMAL ADJUST BYTE 


DAB 


RH4 ; 


DECB 
DEC 


DIV 
DIVL 
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dst,exp 


r,srec 


R,IR,DA,X 


IM,R,IR,DA,X 


Decrement 
dst <== dst - exp 
(exp is 1 to 16) 


Signed Divide 
upper half dst <== dst / sre 
lower half dst <== remainder 


fC ™ 


45A8 
45A8 
43A8 
43AA 
43AC 
43B0 
43B4 
43B6 
43B8 
45BC 
43CO0 
4 5C0 
43C0 
43C4 
43C6 
43C8 
43CC 
4 3D0 
43D6 
43D8 
4 3DA 
43DE 
43E2 


12CO0 
12C0 
12C0 
bd Os 
12C4 
12CA 
12CE 
12D4 
12D8 
12DA 
12DC 
12E2 
12E6 
LZEC 
12F 0 
12F 0 
12F 0 
12F 4 
12F 6 
12F 8 
LZFE 
1302 
1308 
130C 
1312 
1314 
1316 
Lai 
1320 
1426 
132A 
132A 


AA4B 
2A2B 
6A0B 
6A1B 
AB4B 
2B2B 
6B0B 
6B1B 


1B08 
9B48 
1B28 
2B08 
5B18 
1A08 


4200 
4200 


4200 
4200 


0005 


4200 
4200 
0000 


9A4B 
1A28 
5AQ8B 4200 
5A18 4200 


AA4SB 
2A2B 
6A0BSO0001 
6A0BP0100 
6A1BS0001 
6A1BP0100 
AB4B 
2B2B 
6BOBSO0001 
6BOBP0100 
6B1BS0001 
6B1BP0100 


1B08 0005 
9B48 

1B28 

5B08so00l 
5B08P0100 
5B18S0001 
5B18P0100 
1A08 9000 
9A48 

1A28 

5A08S0001 
SA08P0100 
5A18S0001 
5A18P0100 


0005 


1000 


1000 


1000 


1000 


1000 


1000 


0005 


1000 


1000 


% DECREMENT 


DECB RH4,12; 
DECB R2*,12; 
DECB LAB,12; 
DECB LAB(R1),12; 
DEC R4,12; 

DEC R2*,12; 

DEC LAB,12; 

DEC LAB(R1),12; 
% DIVIDE 

DIV RR8,5; 

DIV RR8,R4; 

DIV RR8,R2*; 

DIV RR8,LAB; 

DIV RR8,LAB(R1); 
DIVL RGB ,5; 

DIVL RQ8 ,RR4; 
DIVL ROB ,R2*; 
DIVL RG8 ,LAB; 
DIVL RQ@8,LAB(R1); 


% DECREMENT 


DECB RH4,12; 
DECB RR2*,12; 

DECB LAB,12; 

DECB LAB SSO,12; 

DECB LAB(R1),12; 

DECB LAB _SSO(R1),12; 
DEC R4,12; 

DEC RR2*,12; 

DEC LAB,12; 

DEC LAB SSO,12; 

DEC LAB(R1),12; 

DEC LAB SSO(R1),12; 
% DIVIDE 

DIV R8,53 

DIV RR8,R4; 

DIV RR8,RR2*; 

DIV RR8,LAB; 

DIV RR8,LAB SSO; 

DIV RR8,LAB(R1); 

DIV RR8,LAB_ SSO(R1); 
DIVL RQB,5; 

DIVL RQ8,RR4; 

DIVL RQ8 ,RR2*; 

DIVL RQ8 ,LAB; 

DIVL RQ8,LAB SSO; 
DIVL RQ8,LAB(R1); 
DIVL RQ8,LAB_SSO(R1); 
EJECT; 
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EXTSB 
EXTS 
EXTSL 


INCB 
INC 


MULT 
MULTL 
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dst 


dst ,exp 


r,src 


R,IR,DA,X 


IM,R,IR,DA,X 


co~ 
we 


Extend Sign | 
(extend sign of lower half 
dst to upper half dst) 


Increment 
dst <== dst + exp 
(exp is 1 to 16) 


Signed Multiply | 
dst <== lower half dst * src 


( 


43E2 % EXTEND SIGN 


4362 B180 EXTSB R8; 
43E4 B18A EXTS RRB; 
43E6 B187 EXTSL RQ8; 
43E8 
43E8 % TNCREMENT 
43E8 A843 INCB RH4, 4; 
43EA 2823 INCB R2*,4; 
43EC 6803 4200 INCB LAB, 4; 

. 43F 0 6813 4200 INCB LAB(R1),4; 
43F4 A943 INC R4,4; 
43F 6 2923 INC R2*,4; 

: 43F 8 6903 4200 INC LAB, 4; 
43FC 6913 4200 INC LAB(R1),4; 
4400 
4400 % MILTIPLY 
4400 1908 0005 MULT RR8,5; 
4404 9948 MULT RR8,R4; 

f 4406 1928 MULT RR8,R2°*; 

: 4408 5908 4200 MULT RR8,LAB; 

| 440C 5918 4200 MULT RR8,LAB(R1); 
4410 1808 0000 0005 MULTL  RQ8,5; 
4416 9848 MULTL RQ8,RR4; 
4418 1828 MULTL RQ8,R2°*; 
441A 5808 4200 MULTL  RQ8,LAB; 
441E 5818 4200 MULTL RQ8,LAB(R1); 
132A % EXTEND SIGN 
132A B180 EXTSB RB; 

: 132C + B18A EXTS RRB ; 

‘a 132E B187 EXTSL RQ8; 
1330 
1330 % TNCREMENT 
1330 8 A843 INCB RH4,4; 
1332 2823 INCB RR2*,4; 
1334 680350001 1000 INCB LAB, 4; 
133A 6803P0100 INCB LAB SSO, 4; 
133E 681350001 1000 INCB LAB(R1),4; 
1344 6813P0100 INCB LAB_SSO(R1) ,4; 
1348 A943 INC R4,4; 
134A 2923 INC RR2*,4; 
134C 690350001 1000 INC LAB, 4; 
1352 6903P0100 INC LAB SSO,4; 
1356 691350001 1000 INC LAB(R1),4; 
135C 6913P0100 INC LAB SSO(R1),4; 
1360 = 
1360 % MILTIPLY 

$ 1360 1908 0005 MULT RR8,5; 
1364 9948 MULT RR8,R4; 
1366 1928 MULT RR8,RR2*; 

. a 1368 590850001 1000 MULT ~~ RR8,LAB; 

= 136E 5908P0100 MULT RR8,LAB SSO; 

1372 591850001 1000 MULT RR8,LAB(R1); 
1378 5918P0100 MULT RR8,LAB_SSO(R1); 
137C 1808 0000 0005 MULTL~ RQ8,5; 
1382 9848 MULTL RQ8,RR4; 
1384 1828 MULTL RQ8,RR2°*; 
1386 580850001 1000 MUJILTL RQS8,LAB; 
138C 5808P0100 MULTL  RQ8,LAB SSO; 
1390 581850001 1000 MJLTL #£RQ8,LAB(R1); 
1396 5818P0100 MJULTL RQ8,LAB_SSO(R1); 
139A 


6-25 


NEGB 
NEG 


SBCB 
SBC 
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dst 


r,src 


R,IR,DA,X 


Negate 
dst <== 0 - dst 


Subtract with Carry 
r <== r - sre — carry 


a 


\ 
Wa 


—_ 

: j 

\ if 
Ma 


“py 


fie 


4422 
4422 
4422 
4424 
4426 
442A 
442E 
4450 
4452 
4436 
445A 
443A 
445A 
443C 
445E 


139A 
L39A 
L39C 
LI IE 
13A4 
13A8 
1 35AE 
13B2 
13B4 
13B6 
13BC 
13C0 
13C6 
LOCA 
13CA 
13CA 
13CC 


8C42 
0C22 
4CO2 4200 
4C12 4200 
8D4 2 
OD2 2 
4D02 4200 
4D12 4200 


B645 
B745 


8C4 2 
0C22 
4C02S0001 
4C02P0100 
4C12S0001 
4C12P0100 
8D42 
O0D2 2 
4D02S0001 
4D02P0100 
4D12S0001 
4D12P0100 


B645 
B745 


1000 


1000 


1000 


1000 


% NEGATE 

NEGB RH4 ; 

NEGB R2*; 

NEGB LAB; 

NEGB LAB(R1); 
NEG R4; 

NEG R2*; 

NEG LAB; 

NEG LAB(R1); 

% SUBTRACT WITH CARRY 
SBCB RH5 ,RH4; 

SBC R5,R43 

% NEGATE 

NEGB RHG4 ; 

NEGB RR2*; 

NEGB LAB; 

NEGB LAB SSO; 
NEGB LAB(R1); 
NEGB LAB_SSO(R1); 
NEG R4; 

NEG RR2*; 

NEG LAB; 

NEG LAB SSO; 
NEG LAB(R1); 
NEG LAB_SSO(R1); 
% SUBTRACT WITH CARRY 
SBCB RH5 ,RH4; 

SBC R5,R4; 
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SUBB 
SUB 
SUBL 
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r,src 


IM,R,IR,DA,X 


Subtract 
r <== r- sre 


x 


44 3E 
443E 
4442 
444g 
4446 
Aan 
444E 
4452 
4454 
4456 
445A 
4O5E 
4460 
4466 
4468 
446C 
4470 


0205 
8245 
0225 
4205 
4215 
0305 
8345 
0325 
4305 
4315 
9224 
1204 
1224 
5204 
5214 


0205 
8245 
0225 


0505 


4200 
4200 
0005 


4200 


4200 


0000 


4200 
4200 


0505 


4205S0001 
4205P0100 
4215S0001 
4215P0100 


0305 
8545 
0325 


0005 


430550001 
4305P0100 
4315S0001 
4315P0100 


9224 
1204 
1224 


0000 


5204P0100 
920450001 
I2Z14P0100 
5214S0001 


0005 


1000 


1000 


1000 


1000 


0005 


1000 


1000 


% SUBTRACT 


SUBB 


RH5 ,LAB; 
RH5,LAB(R1); 
Ros 

R5,R43 
RIgR2 
R5,LAB; 
R5,LAB(R1); 
RR4 ,RR2; 
RR4,53 

RR4 ,R2°*; 
RR4,LAB; 
RR4,LAB(R1); 


% SUBTRACT 


SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUBL 
SUBL 
SUBL 
SUBL 
SUBL 
SUBL 
SUBL 


RH5 ,LAB; 
RH5,LAB SSO; 
RH5,LAB(R1); 


RH5,LAB_ SSO(R1); 


R5,53 

R5,R435 
R5,RR2°*; 
R5,LAB; 
R5,LAB_SSO; 
R5,LAB(R1); 
R5,LAB_SSO(R1); 
RR4,RR2; 

RR4 9s 

RR4 ,RR2*; 
RR4,LAB_ SSO; 
RR4,LAB; 


RR4,LAB SSO(R1); 


RR4,LAB(R1); 
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6-4. LOGICAL INSTRUCTIONS 


Instruction Addressing Modes 
for dst or src 

ANDB r,src IM,R,IR,DA,X 

AND 

COMB dst R,IR,DA,xX 

COM 


Description 


AND 
r <== r AND src 


Complement 
dst <== NOT dst 


> 


4470 TITLE “LOGICAL * ; 


4470 
4470 % AND 
4470 0607 0505 ANDB RH7,5; 
4474 8647 ANDB RH7 ,RH4; 
4476 0627 ANDB RH7,R2°*; 
4478 4607 4200 ANDB RH7 ,LAB; 
447C 4617 4200 ANDB RH7,LAB(R1); 
4480 0707 0005 AND R7,53 
. 4484 8747 AND R7,R4; 
4486 0727 AND R7,R2°*; 
4488 4707 4200 AND R7,LAB; 
: 448C 4717 4200 AND R7,LAB(R1); 
4490 
A4on % COMPLEMENT 
4490 8c4o COVB RH4 ; 
4492 0C20 COVB R2*; 
4494  4cO00 4200 CONVB LAB; 
4498 4C10 4200 COVB LAB(R1); 
449C 8D40 COM R4; 
449E 0D20 COM R2*; 
44A0 4p00 4200 COM LAB ; 
4444 4D10 4200 COM LAB(R1); 
1424 
< 1424 TITLE ‘LOGICAL’ ; 
N 1424 
1424 Yo AND 
1424 0607 0505 ANDB RH7,53 
1428 8647 ANDB RH7 ,RHG4 ; 
142A 0627 ANDB RH7,RR2°*; 
142C 460750001 1000 #£ANDB RH7 ,LAB; 
1432 4607P0100 ANDB RH7,LAB SSO; 
1436 461750001 1000 #£ANDB RH7,LAB(R1); 
143C 4617P0100 ANDB RH7,LAB_ SSO(R1); 
1440 oO707 0005 AND R7,5; 
1444 = 8747 AND R7,R4; 
1446 0727 AND R7,RR2°*; 
1448 470750001 1000 #£AND R7,LAB; 
144E 4707P0100 AND R7,LAB SSO; 
1452 471750001 1000 #£AND R7,LAB(R1); 
1458 4717P0100 AND R7,LAB_SSO(R1); 
145C 
? 145C % COVPLEMENT 
145C = 8C40 CONVB RH4 ; 
145E 0C20 COVB RR2*; 
1460  4c00S0001 1000 CONB LAB; 
1466  4cooP0100 ~ COVvB LAB SSO; 
1464 4C10S0001 1000 £COWB LAB(R1); 
1470 4C10P0100 COVB LAB SSO(R1); 
1474 8D40 COM R4; 
1476 0D20 COM RR2*; 
1478  4p00Ss0001 1000 ccm LAB; 
147E  4p00P0100 COM LAB SSO; 
Pa 1482 4D10Ss0001 1000 CC™ LABCRI): 
: 1488 4D10P0100 CCM LAB_SSO(R1); 
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ORB 
OR 


6-32 


r,src 


IM,R,IR,DA,X 


OR 
r <== r OR src 


f _ \ 


o | ™ 


BE 
a 


44A8 
44A8 
44A8 
44AC 
44AE 
44B0 
44B4 
44B8 
44BC 
44BE 
44C0 
44C4 


148C 
148C 
148C 
1490 
1492 
1494 
L49A 
L49E 
14A4 
14A8 
L4AC 
14AE 
14B0 
14B6 
14BA 
14C0 


0407 0505 
8447 

0427 

4407S0001 
4407P0100 
4417S0001 
4417P0100 
0507 Q005 
8547 

0527 

4507S0001 
4507P0100 
4517S0001 
4517P0100 


1000 


1000 


1000 


1000 


RH7 ,53 

RH7 ,RH4 ; 
RH7 ,R2°*; 
RH7 ,LAB; 


RH7 ,LAB(R1); 


R7,53 
R7,R43 
R7,R2°5 
R7,LAB; 
R7,LAB(R1); 


RH7,55 

RH7 ,RH4; 
RH7 ,RR2* ; 
RH7 ,LAB; 


RH7,LAB_ SSO; 
RH7,LAB(R1); 
RH7,LAB_SSO(R1); 


Ris2% 


R7,LAB(R1); 


R7,LAB_SSO(R1); 
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TESTB 
TEST 
TESTL 


TCCB 
TCC 
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dst 


cc,dst 


R,IR,DA,X 


Test 
dst OR O 
(sets flags) 


Test Condition Code 


If cc is true: 


lsb of dst 


otherwise: lsb of dst <== 
(lsb is least significant 


perenne 


Ne 
<== ] . 
0 
bit) 4 
ee 
a 7 
ee 
ye 
a 


44C8 
44C8 
44C8 
44CA 
44CC 
44D0 
44D4 
44D6 
44D8 
44DC 
44E0 
44E2 
44E4 
44E8 
44EC 
44EC 
44EC 
44FE 


8C44 
0C24 
4C04 
4C14 
8D44 
0D24 
4D04 
4D14 
9C48 
1€28 
5CO08 
ILS 


AE 46 
AF 46 


8C44 
0C24 


4200 
4200 


4200 
4200 


4200 
4200 


4Co4so00l 
4CO4P0100 
4C14S0001 
4C14P0100 


8D44 
0D24 


4D04S0001 
4D04P0100 
4D14S0001 
4D14P0100 


9C48 
1C28 


59C0U8SO0001 
5CO08P0100 
5C18S0001 
5C18P0100 


AE 46 
AF 46 


1000 


1000 


1000 


1000 


1000 


1000 


% TEST 

TESTB ~=RH4; 

TESTB R2°*; 

TESTB LAB; 

TESTB LAB(R1); 
TEST. R4; 

TEST R2*; 

TEST LAB; 

TEST LAB(R1); 
TESTL RR4; 

TEST, 3R2e% 

TESTL LAB; 

TESTL LAB(R1); 

% TEST CONDITION CODE 
TCCB ZR ,RH4 ; 

TEC ZR,R4; 

% TEST 

TESTB = RH4; 

TESTB =RR2°*; 

TESTB ~~ LAB; 

TESTB  LAB_ SSO; 
TESTB LAB(R1); 
TESTB LAB_SSO(R1); 
TEST R43 

TEST RR2*; 

TEST LAB; 

TEST LAB SSO; 
TEST LAB(R1); 
TEST LAB_SSO(R1); 
TESTL = RR4; 

TESTL RR2°*; 

TESTL LAB; 

TESTL  LAB_SSO; 
TESTL LAB(R1); 
TESTL LAB _SSO(R1); 
EJECT; 

% TEST CONDITION CODE 
TCCB ZR ,RH4 ; 

TCC ZR,R4; 
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XORB 
XOR 
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r,sre 


IM,R,IR,DA,X 


Exclusive OR 
r =r XOR sre 


< 


ae 
\ 
\ 


Z 
(f 
4 


44F 0 
44F 0 
44F 0 
44F4 
44F 6 
44F8 
44FC 
4500 
4504 
4506 
4508 
450C 


1510 
1510 
1510 
1514 
1516 
1518 
L51E 
1522 
1528 
LaZ2€ 
1530 
1532 
1534 
153A 
LIE: 
1544 
1548 
1548 


0807 
8847 
0827 
4807 
4817 
0907 


0505 


4200 
4200 
0005 


8947 
0927 
4907 4200 
4917 4200 


0807 0505 
8847 

0827 

4807S0001 
4807P0100 
4817S0001 
4817P0100 
0907 9005 
8947 

0927 

4907S0001 
4907P0100 
4917s0001 
4917P0100 


1000 


1000 


1000 


1000 


% EXCLUSIVE OR 


XORB 
XORB 
XORB 


RH7 , 53 

RH7 ,RH4 ; 

RH7 ,R2* 3 
RH7,LAB; 
RH7,LAB(R1); 
R7,5;3 

R7,R4; 
R7,R2°7 3 
R7,LAB; 
R7,LAB(R1); 


% EXCLUSIVE OR 


RH7,535 

RH7 ,RH4; 

RH7 ,RR2°*; 
RH7,LAB; 
RH7,LAB SSO; 
RH7,LAB(R1); 


RH7,LAB_SSO(R1) ; 


R7,53 
R7,R43 
R7,RR2°*; 
R7/7,LAB; 
R7,LAB SSO; 
R7,LAB(R1); 


R7,LAB_SSO(R1); 
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6-5. ROTATE AND SHIFT INSTRUCTIONS 
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Instruction | 
RLDB r,src 
RRDB r,src 
RLB dst,exp 
RL 

RLCB dst ,exp 
RLC 

RRB dst ,exp 
RR 

RRCB dst,exp 
RRC 

SDAB dst,r 
SDA 

SDAL 


Addressing Modes 


for dst or sre 


Description 


Rotate Left Digit 


Rotate Right Digit 


Rotate Left 
(rotate dst left; 
exp is 1 or 2, default 1) 


Rotate Left through Carry 
(rotate dst left; 
exp is 1 or 2, default 1) 


Rotate Right 
(rotate dst right; 
exp is 1 or 2, default 1) 


Rotate Right through Carry 
(rotate dst right; 
exp is 1 or 2, default 1) 


Shift Dynamic Arithmetic 

(shift dst left or right by 

r bits; positive left, negative 
right) 


ye 


ae 


BE 47 


BC47 


B240 
B340 


B248 
B548 


B244 
B344 


B24C 
B34C 


B24B 
B34B 
B34F 


BE 47 


BC47 


B240 
B340 


B248 
B348 


B244 
B344 


B24C 
B34C 


0900 
0900 
0900 


B24B 0900 


B34B 


0900 


B34F 0900 


TITLE “ROTATE AND SHIFT’; 


% ROTATE LEFT DIGIT 
RLDB RH7 ,RH4; 


% ROTATE RIGHT DIGIT 
RRDB RH7 ,RH4; 


% ROTATE LEFT 
RLB RH4,1; 
RL R4,1; 


% ROTATE LEFT THROUGH CARRY 
RLCB RH4 , 1; 
RLU Ra 


% ROTATE RIGHT 
RRB RH4 , 1; 
RR R4,1; 


% ROTATE RIGHT THROUGH CARRY 
RRCB RH4,1; 
RRC R4,1; 


% SHIFT DYNAMIC ARITHVETIC 
SDAB RH4,R9; 
SDA R4,R9; 
SDAL RR4,R9; 


ie ep a “ROTATE AND SHIFT’; 


% ROTATE LEFT DIGIT 
RLDB RH7 ,RH4; 


% ROTATE RIGHT DIGIT 
RRDB RH7 ,RH4; 


% ROTATE LEFT 
RLB RH4,1; 
RL R4,1; 


% ROTATE LEFT THROUGH CARRY 
RLCB RH4,1; 


RLC R4; 
% ROTATE RIGHT 
RRB RH4, 1; 
RR R4,1; 


% ROTATE RIGHT THROUGH CARRY 
RRCB RH4,1; 
RRC R4,1; 


% SHIFT DYNAMIC ARITHVETIC 
SDAB RH4,R9; 
SDA R4,R9; 
SDAL RR4,R9; 
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SDLB 
SDL 
SDLL 


SLAB 
SLA 
SLAL 


SLLB 
SLL 
SLLL 


SRAB 
SRA 
SRAL 


SRLB. 


SRL 
SRLL 
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dst,r 


dst,exp 


dst,exp 


dst,exp 


dst,exp 


Shift Dynamic Logical 
(shift dst left or right by 


xr bits; positive left, negative 


right) 


Shift Left Arithmetic 
(shift dst left by exp bits) 


Shift Left Logical 
(shift dst left by exp bits) 


Shift Right Arithmetic 
(shift dst right by exp bits) 


Shift Right Logical 
(shift dst right by exp bits) 


B243 
B343 
B347 


B249 
B349 
B34D 


B24] 
B341 
B345 


B249 
B349 
B34D 


B241 
B341 
B345 


B245 
B343 
B347 


B249 
B349 
B34D 


B24] 
B341 
B345 


B249 
B349 
B34D 


B241 
B341 
B345 


0900 
0900 
0900 


0002 
0002 
0002 


0002 
0002 
0002 


FFFE 
FFFE 
FFFE 


FFFE 
FFFE 
FFFE 


0900 
0900 
0900 


0002 
0002 
0002 


0002 
0002 
0002 


FFFE 
FFFE 
FFFE 


FFFE 
FFFE 
FFFE 


% SHIFT 
SDLB 


% SHIFT 
SLAB 
SLA 
SLAL 


% SHIFT 
SLLB 
SLL 
SLLL 


% SHIFT 
SRAB 


% SHIFT 
SRLB 
SRL 
SRLL 


% SHIFT 
SDLB 


% SHIFT 
SLAB 
SLA 
SLAL 


% SHIFT 
SLLB 
SLL 
SLLL 


EJECT; 
% SHIFT 
SRAB 


% SHIFT 
SRLB 
SRL 
SRLL 


EJECT; 


DYNAMIC LOGICAL 
RH4 ,R9; 

R4,R93 

RR4,RI3 


LEFT ARITHVETIC 
RH4 , 2; 
R4,2;3 
RR4,2;3 


LEFT LOGICAL 
RH4 , 23 

R4,2; 

RR4, 2; 


RIGHT ARITHVETIC 
RH4 , 2; 
R4,2; 
RR4, 23 


RIGHT LOGICAL 
RH4 , 2; 

R4,23 

RR4, 23 


DYNAMIC LOGICAL 
RH4 ,R9; 

R4,R9;5 

RR4,RI; 


LEFT ARITHVETIC 
RH4 , 23 

R4,2;3 

RR4, 23 


LEFT LOGICAL 
RH4 , 2; 
R4,23 
RR4, 23 


RIGHT ARITHVETIC 
RH4, 2; 

R4,23 

RR4, 2; 


RIGHT LOGICAL 
RH4 , 23 
R4,2; 
RR4 , 2; 
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6-6. BIT MANIPULATION INSTRUCTIONS 


Instruction 


BITB dst,exp 
BIT 


BITB dst,r 
BIT 


RESB dst ,exp 
RES 
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Addressing Modes 


for dst or src 


R,IR,DA,X 


R,IR,DA,X 


Description 


Test Bit Static 
Z flag <== NOT (bit exp of dst) 


Test Bit Dynamic 
Z flag <== NOT (bit r of dst) 


Reset Bit Static 
bit exp of dst <== 


F 456C TITLE “BIT MANIPULATION’ ; 

4 456C 

s 456C % TEST BIT: STATIC 
456C A640 BITB RH4 , 0; 
456E 2620 BITB R2*,0; 

4570 6600 4200 BITB LAB,O; 
4574 6610 4200 BITB LAB(R1),0; 
4578 A740 BIT R4,0; 
457A 2720 BIT R2*,0; 

: 457C 6700 4200 BIT LAB ,O; 

4580 6710 4200 BIT LAB(R1),0; 
4584 
4584 % TEST BIT DYNAMIC 

i 4584 2606 0400 BITB RH4 ,R6; 
4588 2706 0400 BIT R4,R6; 
458C 
458C % RESET BIT STATIC 
458C A240 RESB RH4,0; 
458E 2220 RESB R2*,0; 
4590 6200 4200 RESB LAB, 0; 
4594 6210 4200 RESB LAB(R1),0; 
4598 A340 RES R4,0; 
459A 2320 RES R2*,0; 
459C 6300 4200 RES LAB,O; 
45A0 6310 4200 RES LAB(R1) ,0; 
15A4 TITLE “BIT MANIPULATION’; 
15A4 
15A4 % TEST BIT STATIC 

£ 15A4 A640 BITB RH4 , 0; 

K 15A6 2620 BITB RR2*,0; 

15A8 6600S0001 1000 + #£-BITB LAB, 0; 
15AE 6600P0100 BITB LAB _SSsO,0; 
15B2 6610S0001 1000 + #£4BITB LAB(R1) ,0; 
15B8 6610P0100 BITB LAB _SSO(R1),0; 
15BC A740 BIT R4,0; 
15BE 2720 BIT RR2*,0; 
15C0 6700S0001 1000 BIT LAB, 0; 
15C6 6700P0100 BIT LAB Sso,O0; 
15CA 671050001 1000 BIT LAB(R1),0; 
15D0 6710P0100 BIT LAB SSO(R1),0; 
15D4 
15D4 % TEST BIT DYNAMIC 
15D4 2606 0400 BITB RH4 ,R6; 
15D8 2706 0400 BIT R4,R6; 
15DC 
15DC % RESET BIT STATIC 

: 15DC 3=—« A240 RESB RH4 ,0; 
15DE 2220 RESB RR2*,0; 
15E0 6200S0001 1000 #£=RESB LAB,0O; 

. 15E6 6200P0100 RE SB LAB SSsO,O; 
15EA 621050001 1000 #£RESB LAB(R1) ,0; 
15FO 6210P0100 RESB LAB SSO(R1),0; 
15F4 A340 RES R4,0; 
15F6 2320 RES RR2*,0; 
15F 8 6300S0001 1000 RES LAB, 0; 
15FE 6300P0100 RES LAB _SSO,0; 
1602 631050001 1000 RES LAB(R1) ,0; 
1608 6310P0100 RES AB SSO(R1),0; 
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RESB 
RES 


SETB 
SET 


SETB 
SET 
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dst,r 


dst,exp 


dst,r 


R,IR,DA,X 


Reset Bit Dynamic 


bit r of dst <== 0 


Set Bit Static 


_ bit exp of dst <== 


Set Bit Dynamic 


bit r of dst <== 


a 


45A4 


i 45A4 % RESET BIT DYNAMIC 

: A5A4 2206 0400 RESB RH4,R6; 
45A8 2306 0400 RES R4,R6; 
45AC | 
45AC % SET BIT STATIC 
45AC A440 SETB RH4 , 0; 
45AE 2420 SETB R2° 0% 
45B0 6400 4200 SETB LAB,O; 

' 45B4 6410 4200 SETB LAB(R1),0; 
45B8 A540 SET R4,0; 
45BA 2520 SET R2*,0; 
45BC 6500 4200 SET LAB,O; 

° 45C0 6510 4200 SET LAB(R1),0; 
45C4 
45C4 % SET BIT DYNAMIC 
45C4 2406 0400 SETB RH4 ,R6; 
45C8 2506 0400 SET R4,R6; 
450C 
160C 
160C % RESET BIT DYNAMIC 
160C 2206 0400 RESB RH4 ,R6; 
1610 2306 0400 RES R4,R6; 
1614 

: 1614 % SET BIT STATIC 

< 1614 A440 SETB RH4 , 0; 

\ 1616 2420 SETB RR2*,0; 
1618 6400S0001 1000 #£=SETB LAB,O; 
161E 6400P0100 SETB LAB_Sso,0; 
1622 6410S0001 1000 SETB LAB(R1),0; 
1628 6410P0100 SETB LAB _SSO(R1),0; 
162C A540 SET R4,0; 
162E 2520 SET RR2*,0; 
1630 6500S0001 1000 SET LAB ,O; 
1636 6500P0100 SET LAB SSO,O; 
163A 651050001 1000 SET LAB(R1) ,0; 

Z 1640 6510P0100 SET LAB _SSO(R1),0; 

( 1644 

aS 1644 % SET BIT DYNAMIC 
1644 2406 0400 SETB RH4 ,R6; 
1648 2506 0400 SET R4,R6; 
164C 

: 164C EJECT; 
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TSETB 
TSET 
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dst 


R,IR,DA,X 


Test and Set 

S flag <== msb of dst 

(all bits in dst are set to 1; 
msb is most significant bit) 


f 


45CC 
45CC 
4 5CE 
45D0 
45D4 
45D8 
45DA 
45DC 
45E0 
45E4 


164C 
164C 
164E 
1650 
1656 
L65A 
1660 
1664 
1666 
1668 
166E 
1672 
1678 
167C 
167C 


8C46 
0C26 
4CO06 4200 
4C16 4200 
8D46 
0D26 
4D06 4200 
4D16 4200 


8C46 
0C26 
4coé6soool 
4C06P0100 
4C16SO0001 
4C16P0100 
8D46 
0D2 6 
4D06S0001 
4D06P0100 
4D16SO0001 
4D16P0100 


1000 


1000 


1000 


1000 


% TEST AND SET 


TSETB 
TSETB 
TSETB 
TSETB 
Loe 
TSET 
TOT 
Bis) eins 


RH4 ; 
R273 
LAB; 
LAB(R1); 


LAB; 
LAB(R1); 


Yo TEST AND SET 


TSETB 
Toe. 
TSETB 
TSETB 
TSETB 
TSETB 
TSEC 
TSET 
TSET 
TSET 
TSET 
TSE 


EJECT; 


RHG4 ; 

RR2*; 

_AB;3 

LAB SSO; 
LAB(R1); 

LAB SSO(R1); 
R43 

RRZ~s 

LAB; 

LAB SSO; 
LAB(R1) ; 

LAB _SSO(R1); 


OF as 


6-7. COMPARE INSTRUCTIONS 


Instruction Addressing Modes Description 


for dst or src 
CPB r,sre IM,R,IR,DA,X 
CP | 
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Compare Register with Memory 
r- sre | 
(affects flags) 


45E4 
45E4 
45E4 
45E4 
45E8 
45EA 
45EC 
45F0 
45F4 
45F 8 
45FA 
45FC 
4600 
4604 
AANA 
460C 
4605 
4612 


L67C 
167C 
167C 
167C 
1680 
1682 
1684 
168A 
168E 
1694 
1698 
169C 
169E 
16A0 
16A6 
1L6AA 
16B0 
16B4 
16BA 
16BC 
1é6BE 
16C4 
16C8 
16CE 


OA06 
BA46 
0A26 
4A06 
4A16 
OBO6 
8B46 
0B26 
4B06 
4B16 
1006 
9N46 
1026 
2006 
5016 


OA06 
BA46 
OA26 


0505 


4200 
4200 
0005 


4200 
4200 
0000 


4200 
4200 


0505 


4A06S0001 
4A06P0100 
4A16S0001 
4A16P0100 


OBO06 
8B46 
0B26 


0005 


4B06S0001 
4B06P0100 
4B16S0001 
4B16P0100 
1006 OO00 


9046 
1026 


5006S0001 
5006P0100 
2016S0001 
5016P0100 


0005 


1000 


1000 


1000 


1000 


0005 


1000 


1000 


% COMPARE REGISTER WITH MEMORY 


TITLE ‘COMPARE’; 
CPB RH6 , 5; 

CPB RH6 ,RH4; 

CPB RH6 ,R2°*; 

CPB RH6 ,LAB; 

CPB RH6,LAB(R1); 
CP R6,5; 

CP R6,R4;3 

CP R6,R2*; 

CP R6,LAB; 

CP R6,LAB(R1); 
CPL RR6,5; 

CPL RR6,RR4: 

CPL RR6,R2*; 

CPL RR6 ,LAB; 

CPL RR6,LAB(R1); 
TITLE ‘COMPARE’ ; 
% COMPARE REGISTER WITH MEMORY 
CPB RH6,5; 

CPB RH6 ,RH4; 

CPB RH6 ,RR2*; 
CPB RH6 ,LAB; 

CPB RH6,LAB SSO; 
CPB RH6,LAB(R1); 
CPB RH6,LAB_SSO(R1); 
CP R6,5; 

CP R6,R43 

CP R6,RR2*; 

CP R6,LAB; 

CP R6,LAB SSO; 
CP R6,LAB(R1); 
CP R6,LAB_ SSO(R1); 
CPL RR6,5; 

CPL RR6,RR4; 

CPL RR6,RR2*; 
CPL RR6,LAB; 

CPL RR6,LAB SSO; 
CPL RR6,LAB(R1); 
CPL 


RR6,LAB SSO(R1); 
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CPB 
CP 


CPDB 
CPD 


CPDRB 
CPDR 


CPIB 
CPI 
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dst,im 


rl,srce,r2,cc 


rl ,sre,rZ,cce 


rl5sre,rZ,cc 


IR,DA,X 


IR 


IR 


IR 


Compare Memory with Immediate 


dst - im 
(affects flags) 


Compare and Decrement 
rl - sre 
Autodecrement src 

r2 <== r2 - 1 


Compare, Decrement and Repeat 


rl - sre 

Autodecrement src 

r2 <== r2 - 1 

(repeat until cc true or r2 


Compare and Increment 
rl - sre 
Autoincrement src 

r2 <== r2 - 1 


0) 


4 
3 
tt 


0C21 
4CO1 
4Cll 
0D21 
4D01 
4D11 


BAZ8 
BB28 


BA2C 
BB2C 


BA20 
BB20 


0505 
4200 
4200 
0005 
4200 
4200 


0765 
0765 


0765 
0765 


0765 
0765 


O0C21 0505 
4CO1S0001 
0505 

4CO1P0100 
4C11so001 
0505 

4C11P0100 
O0D21 0005 
4D01S0001 
O005 

4901P0100 
4D11S0001 
0005 

4D11P0100 


BA28 0765 
BB28 0765 


BA2C 0765 
BB2C 0765 


BA20 0765 
BB20 0765 


0505 
0505 


0005 
0005 


1000 


0505 
1000 


0505 


1000 


0005 
1000 


0005 


% COVPARE MEMORY WITH IMVEDIATE 
CPB R2° 423 


CPB LAB, 5; 
CPB LAB(R1),53 
CP R27 45% 
CP LAB,5; 
CP LAB(R1) ,5; 


% COVPARE AND DECREMENT 
CPDB RH6 ,R2*,R7,MI; 
CPD R6,R2*,R7,MI; 


% COVPARE, DECREMENT, AND REPEAT 
CPDRB RH6,R2*,R7,MI; 
CPDR R6,R2*,R7,MI; 


% COMPARE AND INCREMENT 
CPIB RH6 ,R2*,R7,MI 5 
CPI R6,R2* ,R/7,MI ; 


EJECT; 


% COMPARE MEMORY WITH IMVEDIATE 
CPB RR2*,5; 


CPB LAB,5; 
CPB LAB SSO,5; 

CPB LAB(R1),5; 

CPB LAB SSO(R1),5; 
CP RR2*,5; 

CP LAB,5; 

CP LAB SSO,5; 

CP LAB(R1),5; 

CP LAB _SSO(R1),53 


% COMPARE AND DECREMENT 
CPDB RH6 ,RR2*,R7,MI ; 
CPD R6,RR2*,R/7,MI 3 


% COMPARE, DECREMENT, AND REPEAT 
CPDRB RH6 ,RR2* ,R7,MI; 
CPDR R6,RR2*,R7,MI ; 


% COVPARE AND INCREMENT 
CPIB RH6 ,RR2*,R7,MI; 
CPI R6,RR2*,R7,MI; 


EJECT; 
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CPIRB rl,sre,r2,cc 
CPIR 


CPSDB dst,src,r,cc 
CPSD 


CPSDRB dst,src,r,cc 
CPSDR 


CPSIB dst,src,r,cc 


CPSI 


CPSIRB dst,src,r,cc 
CPSIR 
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IR 


IR 


IR 


IR 


IR 


Compare, Increment and Repeat 
rl - sre : 
Autoincrement src 

r2 <== r2 - 1 

(repeat until cc true or r2 = 


Compare String and Decrement 
dst - src 

Autodecrement dst and src 
r<<#=r- l 


Compare String, Decrement 
and Repeat 

dst - src 

Autodecrement dst and src 

rce=r-l 

(repeat until cc true or r = 


Compare String and Increment 
dst - src 

Autoincrement dst and src 
rf=r- il 


Compare String, Increment 
and Repeat 

dst - sre 

Autoincrement dst and src 

r<=r- l 

(repeat until cc true or r = 


0) 


0) 


0) 


fo ™ 


464E 
464E 
4652 
4656 
4656 
4656 
4656 
4656 
465A 
465E 
465E 
465E 
4662 
4666 


NEEL 
+O0UU 


4666 
466A 
466E 
466E 
466E 
4672 
4676 


BA24 
BB24 


BA2A 


BB2A 


BAZE 
BB2E 


BA22 
BB22 


BA26 
BB26 


BA24 
BB24 


BAZ2A 
BB2A 


BA2E 
BB2E 


BA22 
BB22 


BA26 
BB26 


0765 
0765 


O7BE 


07BE 


07BE 
0:/BE 


O7BE 
07BE 


07BE 
07BE 


0765 
0765 


O7AE 
07AE 


O7AE 
0 7AE 


O7AE 
O7AE 


0.7AE 
O7AE 


% COVPARE, INOREMENT, AND REPEAT 
CPIRB  RH6,R2*,R7,MI; 
CPIR R6,R2*,R7,MI; 


% COMPARE STRING AND DECREMENT 
CPSDB R11*,R2*,R7,NE;3 
CPSD RET RZ SR isNES 


% COMPARE STRING, DEC. AND REPEAT 
CPSDRB R11*,R2*,R/7,NE3 
CP SDR RIL“ RZ" .R/GNES 


% COMPARE STRING AND INCREMENT 
CPSIB  R11*,R2*,R7,NE;3 
CPSI R11*,R2*,R7,NE; 


% COVPARE STRING, INC. AND REPEAT 
CPSIRB R11*,R2*,R/7,NE;3 
CPSIR REI R27 4R7 SNES 


% COVPARE, INCREMENT, AND REPEAT 
CPIRB  RH6,RR2*,R7,MI; 
CPIR R6,RR2*,R7,MI; 


% COVPARE STRING AND DECREMENT 
CPSDB RR1O*,RR2*,R7,NE; 
CPSD RR10* ,RR2*,R7,NE;3 


% COVPARE STRING, DEC. AND REPEAT 
CPSDRB RR1O*,RR2*,R7,NE;3 
CP SDR RR1O* ,RR2* ,R7,NE3 


% COMPARE STRING AND INCREMENT 
CPSIB RR10* ,RR2* ,R7,NES$ 
CPsl RR10* ,RR2* ,R/7,NE3 


% COVPARE STRING, INC. AND REPEAT 
CPSIRB RR10*,RR2*,R7,NE; 
CPSIR  RR10*,RR2*,R7,NE; 


EJECT; 
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f 
6-8. TRANSLATE INSTRUCTIONS Ly 


Instruction Addressing Modes Description 


for dst or src 


TRDB dst,src,r IR Translate and Decrement 
dst <== src(dst) 
Autoincrement dst 
r <=r- 1 


TRDRB dst,src,r IR | Translate, Decrement and Repeat 
dst <== src(dst) 
Autodecrement dst e 
rer-l 
(repeat until r = 0) 


TRIB dst,src,r IR Translate and Increment 
dst <== src(dst) 
Autoincrement dst 
r==r-l 


TRIRB dst,src,r IR Translate, Increment and Repeat 
dst <== src(dst) 
Autoincrement dst 
r<==r- l 
(repeat until r = 0) 
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4676 
4676 
4676 
4676 
467A 
467A 
467A 
467E 
467E 
467E 
467E 
467E 
467E 
4682 
4682 
4682 
4686 


1752 
1752 
1752 
1752 
1756 
1756 
1756 
1756 
1756 
175A 
175A 
175A 
175A 
175A 
175A 
L75E 
1L75E 
L75E 
L75E 
175E 
1762 
1762 


B8B8 


B8BC 


B8BO0 


B8B4 


B8A8 


BB8AC 


B8A0 


B8A4 


0620 


0620 


0620 


0620 


0620 


0620 


0620 


0620 


TITLE ‘TRANSLATE’; 


% TRANSLATE AND DECREMENT 
TRDB R11*,R2*,R6; 


% TRANSLATE, DECREMENT, AND REPEAT 
TRDORB  =R11*,R2*,R6; 


% TRANSLATE AND INCREMENT 
TRIB R11*,R2*,R6; 


% TRANSLATE, INCREMENT AND REPEAT 
TRIRB RL sR2 4 R6s 


TITLE “TRANSLATE” 5 


% TRANSLATE AND DECREMENT 
TRDB RR10* ,RR2* ,R6;3 


% TRANSLATE, DECREMENT, AND REPEAT 
TRDRB  RR1O*,RR27,R6; 


% TRANSLATE AND INCREMENT 
TRIB RR10*,RR2*,R6; 


% TRANSLATE, INCREMENT AND REPEAT 
TRIRB RR10O* ,RR2* ,R6;3 


6-55 


TRTDB srel,src2,r IR Translate and Test, Decrement 
| RH1 <== src2(srel) 
Autodecrement srcl 


r<e=r-l 
TRTDRB srel,src2,r IR Translate and Test, Decrement 
and Repeat 


RH] <== srce2(srel) 
Autodecrement srcl 

r<ce==r- l 

(repeat until r = O or RHI = 0) 


TRTIB srcl,src2,r IR Translate and Test, Increment 
RH1 <== src2(srcl) 
Autoincrement srcl 


r<cf=r- l 
TRTIRB' srcl,src2,r IR Translate and Test, Increment 
and Repeat 


RH1 <== sre2(srcl) 
Autoincrement srcl 

rcqr- il 

(repeat until r = 0 or RHI = 0) 
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4686 
4686 
468A 
468A 
468A 
468E 
468E 
468E 
4692 
4692 
4692 


1762 
1762 
1762 
1762 
1766 
1766 
1766 
1766 
1766 
176A 
176A 
176A 
176A 
176A 
176A 
176A 
176E 
176E 
176E 
176E 
i eo) 
1772 
1772 


B8BA 


B8BE 


B8B2 


B8B6 


BBAA 


B8AE 


B8A2 


B8A6 


0620 


O062E 


0620 


062E 


0620 


062E 


0620 


062E 


% TRANSLATE AND TEST, DECREMENT 
TRIDB =R11*,R2*,R6; 


% TRANSLATE AND TEST, DEC. AND REPEAT 
TRTDRB R11*,R2*,R6; 


% TRANSLATE AND TEST, INCREMENT 
TRTIB R11*,R2*,R6; 


% TRANSLATE AND TEST, INC. AND REPEAT 
TRTIRB R11*,R2*,R6; 


% TRANSLATE AND TEST, DECREMENT 
TRTIDB  RR10*,RR2*,R6; 


% TRANSLATE AND TEST, DEC. AND REPEAT 
TRTDRB RR10*,RR2*,R6; 


% TRANSLATE AND TEST, INCREMENT 
TRTIB RR1O* ,RR2*,R63 


% TRANSLATE AND TEST, INC. AND REPEAT 
TRTIRB RRIO*,RR2*,R6; 


EJECT; 
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6-9. INPUT/OUTPUT INSTRUCTIONS 


Privileged 
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Instruction 

INB r,src 

IN 

INDB dst,src,r 
IND 

INDRB dst,src,r 
INDR 

INIB dst,src,r 
INI 

INIRB dst,src,r 
INIR 


PA, 


IR 
PR 


IR 
PR 


IR 
PR 


IR 
PR 


instructions 
instructions are all privileged. 


PR 


for 
for 


for 
for 


for 
for 


for 
for 


are 


Addressing Modes 


for dst or src 


dst 
src 


dst 
src 


dst 
src 


dst 
src 


marked 


KK 


e* 


*e* 


K* 


KX 


with **, The input/output 


Description 


Input 
r <== sre 


Input and Decrement 
dst <== src 
Autodecrement dst 
r<==r- l 


Input, Decrement and Repeat 
dst <== src 

Autodecrement dst 

r e=r- 1 

(repeat until r = 0) 


Input and Increment 
dst <== src 
Autoincrement dst 
rf==r- l 


Input, Increment and Repeat 
dst <== src 

Autoincrement dst 

r <==r- l 

(repeat until r = 0) 


—_— 


SA44 
3CD4 
3B44 
3DD4 


3AD8 
3BD8 


3ADB8 
JBD8 


SADO 
J BDO 


3AD0 
3BDO0 


3A44 
3CD4 
3B44 
3DD4 


3AD8 
3BD8 


3AD8 
IBD8 


3AD0 
3 BDO 


3ADO 
3 BDO 


OF CO 


OF CO 


0928 
0928 


0920 
0920 


0928 
0928 


0920 
0920 


OF CO 


OF CO 


0928 
0928 


0920 
0920 


0928 
0928 


0920 
0920 


TITLE 


% INPUT 
INB 
INB 
IN 
IN 


% INPUT 
INDB 
IND 


% INPUT, DECREMENT AND REPEAT 
R2*,R13,R9; 
R2*,R13,R9; 


TNORB 
TNDR 


% INPUT AND INCREMENT 
R2*,R13,R9; 
R2*,R13,R9; 


INIB 
INI 


% INPUT, 


INTRB 
INIR 


% INPUT 
TNDB 
TND 


% INPUT, DECREMENT AND REPEAT 
RR2*,R13,R9; 
RR2*,R13,R9; 


TNORB 
TNOR 


% INPUT AND INCREMENT 
RR2*,R13,R9; 
RR2* ,R13,R9I; 


INIB 
INI 


% INPUT, 


INIRB 
INIR 


‘INPUT /QUTPUT’ ; 


RH4 , #0FCO; 


RH4,R13; 


R4,#OFCO; 


R4,R13; 


AND DECREMENT 
R2*,R13,R9; 
R2*,R13,R9; 


INCREMENT AND REPEAT 
R2*,R13,R9; 
R2*,R13,R9; 


“INPUT /OQUTPUT’ ; 


RH4 , #OFCO; 


RH4,R13; 


R4,#0FCO; 


Ra RIS 


AND DECREMENT 
RR2*,R13,R9; 
RR2*,R13,R9; 


INCREMENT AND REPEAT 
RR2*,R13,R9; 
RR2*,R13,R9; 
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OUTB dst,r PA,PR ** Output 


OUT dst <== r 
OUTDB dst,src,r PR for dst ** Output and Decrement 
OUTD IR for src dst <== sre 
Autodecrement src 
r <= r- l 
OTDRB dst,src,r PR for dst ** Output, Decrement and Repeat 
OTDR IR for src dst <== src 
Autodecrement src 
rero-o- il 


(repeat until r = 0) 


OUTIB dst,src,r PR for dst ** Output and Increment 
OUTI IR for sre dst <== src 
Autoincrement src 
r@r-l 
OTIRB dst,src,r PR for dst *k* Output, Increment and Repeat 
OTIR IR for sre dst <== src | 
| Autoincrement src 
r <=r- ] 


(repeat until r = 0) 
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a 
oy 
r 


L79E 
179E 
L79E 
17A2 
17A4 
17A8 
17AA 
L7AA 
L7AA 
17AE 
17B2 
17B2 
17B2 
17B2 
17B6 
17BA 
17BA 
17BA 
17BA 
17BA 
17BE 
17C2 
17C2 
17C2 
LIGZ 
17C6 
17CA 
17CA 


JA46 
JED4 
IB46 
3FD4 


ZAZA 
IB2A 


JAZA 
3B2A 


SA2Z2 
3B22 


SAZZ 
3B22 


SA4E 
SED4 
IB46 
3FD4 


SAZA 
IB2A 


JAZA 
IB2A 


5A2Z2 
3B22 


SA2Z2 
3B22 


OF CO 


OF CO 


09D8 
09D8 


O9DOD 
09D0 


09D8 
09D8 


OID 
09D0 


OF CO 


OF CO 


09D8 
09D8 


09D0 
09DO 


09D8 
09D8 


O09DOD 
09D0 


% OUTPUT 

OUTB #0FCO ,RH4; 

OUTB R13,RH4; 

OUT #OFCO,R4; 

OUT R13,R4; 

% OUTPUT AND DECREMENT 

QUTDB R13,R2*,R9; 

OQUTD R13,R2*,R9; 

% QUTPUT, DECREMENT AND REPEAT 
OTDRB  R13,R2*,R9; 

OTDR R13,R2*,R9;: 

% OUTPUT AND INCREMENT 

OUTIB  RI13,R2*,R9; 

OUT I R13,R2*,R9; 

% OUTPUT, INCREMENT AND REPEAT 
OTIRB R13,R2*,R9; 

OTIR R13,R2*,R9; 

% OUTPUT 

OUTB #OFCO ,RH4; 

QUTB R13,RH4; 

OUT #OFCO,R4; 

OUT R13,R4; 

% OUTPUT AND DECREMENT 

OQUTDB R13,RR2*,R9; 

QUTD R13,RR2*,R9; 

EJECT; 

% OUTPUT, DECREVENT AND REPEAT 
OTORB R13,RR2*,R9; 

OTDR R13,RR2*,R9; 


% OUTPUT AND INCREMENT 


OUT IB 


OUT I 


R13,RR2*,R9; 
R13,RR2*,R9; 


% OUTPUT, INCREMENT AND REPEAT 


OTIRB 


OTIR 


RIS sRR2Z° RIS 
RID ,RRZ” sR s 
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SINB 
SIN 


SINDB 
SIND 


SINDRB 
SINDR 


SINIB 
SINI 


SINIRB 
SINIR 
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r,src 


dst,src,r 


dst,src,r 


dst,src,r 


dst,src,r 


PA 


IR 
PR 


IR 
PR 


IR 
PR 


IR 
PR 


for 
for 


for 
for 


for 
for 


for 
for 


dst 
src 


dst 
src 


dst 
src 


dst 
src 


** 


kk 


k* 


KX 


*K* 


a 
Special Input Loy 
r <== sre a 


Special Input and Decrement 
dst <== src 

Autodecrement dst 

r<==r- l 


Special Input, Decrement 
and Repeat 

dst <== src 

Autodecrement dst 

r<=r- l 

(repeat until r = 0) 


Special Input and Increment 
dst <== src 
Autoincrement dst 


r <=r- l _ 
Special Input, Increment 
and Repeat 

dst <== src 

Autoincrement dst 

eer = 

(repeat until r = 0) 
-— : 
- 


ar 


46EE 
46EE 
46F 2 
46F 6 
4 6F 6 
46F 6 
46FA 
46FE 
46FE 
46FE 
4702 
4706 
4706 
4706 
4704 
470E 
470E 
470E 
4712 
4716 


17CA 
17CA 
17CA 
LICE 
17D2 
17D2 
17D2 
17D6 
17DA 
17DA 
17DA 
17DA 
17DE 
L7E2 
L7E2 
1L7E2 
L7E2 
LEZ 
LIEZ 
17E6 
17EA 
L7EA 
L7EA 
L7EA 
L7EE 
L7F2 
L7F 2 


SA4 5 
3B45 


3AD9 
3BD9 


IADI 
JBDI 


JAD1 
5BD1 


JAD1 
SBD 1 


OF CO 
OFCO 


0928 
0928 


0920 
0920 


0928 
0928 


0920 
0920 


% SPECIAL INPUT 


SINB 
SIN 


RH4, #0FCO; 
R4,#0FCO; 


% SPECIAL INPUT AND DECREMENT 


S INDB 


S IND 


R2*,R13,R9; 
R2*,R13,R9; 


% SPECIAL INPUT, DECREMENT AND REPEAT 
SINDRB R2*,R13,R9; 


S TNOR 


AZ gRID Ro: 


% SPECIAL INPUT AND INCREMENT 


SINIB 


SIN! 


R27 >RIO SROs 


R?* R14 RIA. 
'_ <a > i nat g9' +7 9 


% SPECIAL INPUT, INCREMENT AND REPEAT 
SINIRB R2*,R13,R9; 


SINIR 


RZ. gh hoy: 


% SPECIAL INPUT 


SINB 
SIN 


RH4,#0FCO; 
R4,#0FCO; 


% SPECIAL INPUT AND DECREMENT 


S TNDB 


SIND 


RR2Z* ,R1LI,R93 
RRZ* ,R1IS,RI3 


% SPECIAL INPUT, DECREMENT AND REPEAT 
SINDRB RR2*,R143,R9; 
S TNOR RR2*,R13,R93 


% SPECIAL INPUT AND INCREMENT 


SINIB 


SINI 


RR2* ,R13,R9;5 
RR2* ,R13,R935 


% SPECIAL INPUT, INCREMENT AND REPEAT 
SINIRB RR2*,R13,R9; 


SINIR 


EJECT; 


RR2*,R13,R9; 
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SOUTB dst,r 
SOUT 


SOUTDB dst,src,r 
SOUTD 


SOTDRB dst,src,r 
SOTDR 


SOUTIB dst,src,r 
SOUTI 


SOTIRB dst,src,r 
SOTIR 
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PA 


PR 


PR 
IR 


PR 
IR 


PR 
IR 


for 
for 


for 
for 


for 
for 


for 
for 


dst 
sre 


dst 
src 


dst 
src 


dst 
src 


*K* 


Kk 


RK 


KK 


Kk 


Special Out put 


dst <==r 


Special Output and Decrement 
dst <== sre 

Autodecrement src 

r<c=r- ] 


Special Output, Decrement 
and Repeat 

dst <== src 

Autodecrement src 

r <==r- l 

(repeat until r = 0) 


Special Output and Increment 
dst <== sre 

Autoincrement src 

rcr- l 


Special Output, Increment 
and Repeat 

dst <== sre 

Autoincrement src 

r <=r- 1 

(repeat until r = 0) 


—_ 


B 


X 


4716 % SPECIAL OUTPUT 


iH 4716 3A47 OFCO SOUTB #OFCO,RH4; 
: 471A 3B47 OFCO SOUT #OFCO,R4; 
471E 
471E % SPECIAL QUTPUT AND DECREMENT 
471E 3A2B O09D8 SOUTDB R13,R2*,R9; 
4722 3B2B 09D8 SOUTD =R13,R2*,R9; 
4726 
4726 % SPECIAL QUTPUT, DECREMENT AND REPEAT 
’ 4726 3A2B O09D0 SOTDRB R13,R2°*,R9; 
472A 3B2B O09D0 SOTDR R13,R2*,R9; 
472E 
472E % SPECIAL OUTPUT AND INCREMENT 
472E 3A23 O09D8 SOUTIB R13,R2*,R9; 
4732 3B23 O9D8 SOUT I R13,R2*,R9; 
4736 
4736 % SPECIAL OUTPUT, INCREMENT AND REPEAT 
4736 3A23 O9D0 SOTIRB R13,R2*,R9; 
rs 473A 3B23 O09D0 SOTIR R13,R2*,R9; 
17F 2 % SPECIAL OUTPUT 
17F2 3A47 OFCO SOUTB #OFCO,RH4; 
17F 6 3B47 OFCO SOUT #OFCO,R4; 
17FA | 
17FA % SPECIAL OUTPUT AND DECREMENT 
ze 17FA 3A2B 09D8 SOUTDB R13,RR2*,R9; 
17FE 3B2B 09D8 | SOUTD=-— R13, RR2*,R9; 
= 1802 | 
1802 
1802 % SPECIAL OUTPUT, DECREMENT AND REPEAT 
1802 3A2B 09D0 SOTDRB R13,RR2*,R9; 
1806 3B2B 09D0 SOTDR = R13,RR2*,R9; 
180A 
180A 
180A 
180A 
180A % SPECIAL OUTPUT AND INCREMENT 
180A 3A23 O09D8 SOUTIB) R13,RR2*,R9; 
180E 3B23 O9D8 SOUT I R13,RR2*,R9; 
1812 
1812 
1812 % SPECIAL OUTPUT, INCREMENT AND REPEAT 
: 1812 3A23 O9D0 SOTIRB R13,RR2*,R9; 
: 1816 3B23 O9D0D SOTIR R13,RR2*,R9; 
181A 
181A EJECT; 
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6-10. PROGRAM CONTROL INSTRUCTIONS 


Privileged instructions are marked with **, 


Instruction 


CALL dst 


CALR dst 


DBJNZ r,dst 


DJNZ 


IRET = 
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Addressing Modes 


for dst or src 


IR,DA,X 


KK 


Description 


Call 
Autodecrement SP 
SP* <== PC 

PC <== dst 


Call Relative 

Autodecrement SP 

SP* <== PC 

PC <== PC + dst 

(dst is -4092 to +4098 bytes) 


Decrement and Jump if Nonzero 

rcfr- il 

If r # 0: PC <== PC + dst : 
(dst is -252 to 2 bytes; | 
flags are not affected) 7 ae 


Interrupt return 
PS <== SP* 
Autoincrement SP 


[ 
\ oe 
be - 


Ae 


oe 


473E 
475E 
473E 
473E 
473E 
473E 
473E 
473E 
4740 
4744 
4748 
4748 
4748 
474A 
474A 
474A 
474C 
474E 
474E 
474E 
4750 


1F 20 
oF O00 
SF 10 


D006 


FFO7 
F788 


7B00 


1F 20 


5FOOSO001 1000 


4200 
4200 


5FOOPO100 


5F10SO001 1000 


59F LOPO100 


D0OC 


FF OD 
F/78E 


7BO00 


PE LSE: “PROGRAM CONTROL * ; 


LAB2: 

% DEFINED FOR RA OPERANDS 
% CALL 

CALL RZ 

CALL AB ; 


CALL LAB (R14 


% CALL RELATIVE 
CALR LAB2; 


% DECREMENT AND JUVP IF NONZERO 


DBJNZ  RL7,LAB2; 
DJINZ R7,LAB2; 


% INTERRUPT RETURN 
TRET:3 


Hs a “PROGRAM CONTROL 


LAB2: 
% DEFINED FOR RA OPERANDS 


% CALL 

CALL RR2*; 

CALL LAB ; 

CALL LAB SSO; 
CALL LAB(R1) ; 
CALL LAB SSO(R1); 


% CALL RELATIVE 
CALR LAB2 ; 


% DECREMENT AND JUVP IF NONZERO 


DBJINZ RL7,LABZ; 
DINZ R7,LAB2;3 


% INTERRUPT RETURN 
IRET; 
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JP cc,dst IR,DA,X Jump Nee ta) 
If cc true: PC <== dst 
(cc is optional) 


JR ec,dst RA Jump Relative 
If ce true: PC <== PC + 2 + dst 
(cc is optional; 
dst is -254 to +256 bytes) 


RET ec 7 Return 
If cc true: PC <== SP* 
Autoincrement SP 
(cc is optional) 


SC exp = System Call 
Autodecrement SP 
SP* <== old PS 
Push instruction 
PS <== syst 
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fou 


4750 
4750 
4752 
4754 
4758 
475C 
4760 
4764 
4764 
4764 
4766 
4768 
4768 
4768 
4768 
476A 
476C 
476C 
476C 
476C 
476E 


TE ZE 
1E28 
5E DE 
5E08 
a i 
ELS 


PERC 
E8EB 


9E OE 
JEO8 


TF 2C 


LE2E 
1E28 


SEOESOOO] 
SEOEPO1O0 
SEQ8SO001 
29E08P0100 
SELESOOOL 
SELEPO100 
SELBSOOOL 
5E18PO100 


EEDA 
E8D9 


JEOE 
JEO8 


TF 2C 


1000 


1000 


1000 


1000 


% JUVP 

IP NZ ,R2*3 
IP R2*; 

IP NZ ,LAB; 
JP LAB; 

IP NZ,LAB(R1); 
IP LAB(R1); 
% JUVP RELATIVE 
JR NZ ,LAB2; 
JR LAB2; 

% RETURN 

RET NZ; 

RET; 


% SYSTEM CALL 


SC 44; 

% JLUVP 

JP NZ ,RR2°*; 

JP RR2°*; 

JP NZ ,LAB; 

JP NZ,LAB SSO; 
JP LAB; 

JP LAB SSO; 

IP NZ,LAB(R1); 
JP NZ,LAB SSO(R1); 
IP LAB(R1); 

JP LAB_SSO(R1); 
% JUVP RELATIVE 

JR NZ ,LAB2; 

IR LAB2; 

% RETURN 

RET NZ; 

RET; 


% SYSTEM CALL 
SC 44; 


EJECT; 
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6-11. CPU CONTROL INSTRUCTIONS 


Privileged instructions are marked with **. 


Instruction Addressing Modes Description 
for dst or src 


COMFLG flags = Complement Flags 
(flags is a list of CY, ZR, 
SGN, PY, or OV) 


DI ints = ** Disable Interrupt 
(ints is a list of NVI or VI) 


EI ints = **k Enable Interrupt 
(ints is a list of NVI or VI) 


HALT - - **k Halt 


LDCTL ctlr,src R ** Load Control Register 
ctlr <== sre 
(ctlr is FCW, PSAPSEG, PSAPOFF, 
NSPSEG, NSPOFF, or REFRESH) 


LDCTL dst,ctlr R ** Load from Control Register 
dst <== ctlr 
(ctlr is FCW, PSAPSEG, PSAPOFF, 
NSPSEG, NSPOFF, or REFRESH) 
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BDC 5 


7CO1 


7CO4 


7AQO 


7DCA 


7DC2 


8DC5 


7CO1 


7CO04 


7AQ00 


7IDCA 


7DC2 


TITLE “CPU CONTROL ” ; 


% COVPLEMENT FLAGS 
COVFLG CY,ZR; 


% DISABLE INTERRUPT 


DI VI; 

% ENABLE INTERRUPT 

EI NVI,VI; 

% HALT 

HALT; 

t, CORD CONTRO. PECreT ER 


LDCTL  FCW,R12; 


% LOAD FROM CONTROL REGISTER 
LDCTL R12 ,FCW; 


TITLE “CPU CONTROL ’ ; 


% COMPLEMENT FLAGS 
COMFLG CY,ZR; 


% DISABLE INTERRUPT 


DI VI5 

% ENABLE INTERRUPT 
E J NVI,VI5 

% HALT 

HALT 3 


% LOAD CONTROL REGISTER 
LDCTL FCW,R12; 


% LOAD FROM CONTROL REGISTER 
LDCTL R12 ,FCW; 
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LDCTLB 


LDCTLB 


LDPS 


MBIT 


MREQ 


MRES 


MSET 
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FLAGS ,src 


R 


dst,FLAGS R 


SsTc 


IR,DA,X 


KX 


#&* 


Kk 


*k* 


kX 


Load Flag Byte 
FLAGS <== src 


Load from Flag Byte 
dst <== FLAGS 


Load Program Status 
PS <== src 


Multi-micro Test 


Multi-micro Request 


Multi-micro Reset 


Multi-micro Set 


4 
Yd | 


a 


A77A 
A77A 
477C 
477C 
477C 
4Q77E 
477E 
477E 
4780 
4784 
4788 
4788 
4788 
478A 
478A 
478A 
478C 
478C 
478C 
478E 
4785 
478E 
4790 


187A 
187A 
187A 
187C 
187C 
187C 
1B7E. 
L187E 
187E 
1880 
1886 
188A 
1890 
1894 
1894 
1894 
1896 
1896 
1896 
1898 
1898 
1898 
189A 
189A 
189A 
189C 
189C 


7BO9 


7B08 


BC79 


8C71 


3920 


7900SO0001 1000 


4200 
4200 


7900P0100 


7910SO001 1000 


7910P0100 


7BOA 


7BCD 


7BO09 


7B08 


% LOAD FLAG BYTE 
LDCTLB FLAGS ,RH/7; 


% LOAD FROM FLAG BYTE 
LDCTLB RH/7,FLAGS; 


% LOAD PROGRAM STATUS 
LDPS R2*; 

LDPS LAB: 

LDPS LAB(R1); 


% MUILTI-MICRO TEST 
MBIT; 


% MULTI-MICRO REQUEST 
IMREW Rize 


% MULTI-MICRO RESET 
MRES; 


% MUILTI-MICRO SET 
MSET 3 


% LOAD FLAG BYTE 
LDCTLB FLAGS ,RH/7; 


% LOAD FROM FLAG BYTE 
LDCTLB RH/7,FLAGS; 


% LOAD PROGRAM STATUS 
LDPS RR2*; 

LDPS LAB ; 

LDPS LAB SSO; 

LDPS LAB(R1); 

LDPS LAB _SSO(R1); 


% MUILTI-MICRO TEST 
MBIT; 


% MILTI-MICRO REQUEST 
MREQ R12; 


% MJILTI-MICRO RESET 
MRES; 


% MULTI-MICRO SET 
MSET 5 


EJECT; 
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NOP = 


RESFLG flags 


SETFLG flags 
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No Operation 


Reset Flags 
(flags is a list of CY, ZR, 
SGN, PY, or OV) 


Set Flags 
(flags is a list of CY, ZR, 
SGN, PY, or OV) 


_— 


% 


4790 % NO OPERAT ION 


A 4790 8D07 NOP ; 
x 4792 
4792 % RESET FLAGS 
4792 8D43 RESFLG ZR; 
4794 
4794 
4794 % SET FLAGS 
4794 8D71 SETFLG ZR,SGN,OV; 
: 4796 
4796 
4796 END. 
189C % NO OPERATION 
189C 8D07 NOP ; 
189E 
189E % RESET FLAGS 
189E 8D43 RESFLG ZR; 
18A0 
18A0 
18A0 % SET FLAGS 
18A0 = 8D71 SETFLG ZR,SGN,OV; 
18A2 
18A2 
18A2 END. 
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a 
oat 
a \ 
- 
\ 
Se soi 
be 
{ 
\ 
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APPENDIX A 
ASCII CHARACTER SET 


The ASCII character set is shown in table A-l. 


TABLE A-1. ASCII 


00 O NUL 20 32 £4SP 40 64 @ 60 96 
Ol 1 SOH 21 33 ! 41 65 A 61 97 a 
02 2 STX 22 34 +" 42 66 B 62 98 b 
03 3 ETX 23 35—tisda#' 43 67 C 63 99 ¢ 
04 4 EOT 24 36 §$ 44. 68 D 64 100 d 
05 5 ENQ 25 32f F 45 69 &£ 65 101 e 
06 6 ACK 26 38 = & 46 70 F 66 102 f£ 
OF 7 BEL 27 39 ° 47 71 #G 67 103 g 
08 8 BS 28 40 (¢ 48 72 4H 68 104 h 
09 9 HT 29 Al) 49 73 I 69 105 i 
OA 10 LF 2A 42 4A 74 J 6A 106 j 
OB 11 VT 2B 43 + 4B 75 XK 6B 107 k 
| Oc 12 FF 2c 8644 4c 76 L 6c 108 1 
: OD 13 CR 2 45 - 4D 77 M 6D 109 m 
‘ OF 14 SO 2E «646~—~CO« 4E 78 «ON 6E 110 n 
OF 15 SI 2F 47 | 4F 79 0 6F 111 o 
10 16 4ODLE 30 48 0 50 80 P 70 112 p 
11 17 + #DCil 31 49 1 51 81 Q 71 113 q 
12 18 vDCc2 32. 50 2 52 82 R 72 114 ¢ 
13 19 DC3 33. «518 53 83 #S§ 73. 115 8s 
14 20 C4 34 52 4 54 84 T 74 116 ¢t 
15 21 #4NAK 35 53 = «5 55 85 U 75 117 wu 
16 22 #SYN 36 «54S «OG 56 86 V 76 #118 v 
A 17. 23  #&ETB 37) 55> 3 57 87 W 77. «119 w 
Na 18 24 CAN 38 56 8 58 88 xX 78 120 x 
19 25 EM 39 57 9 59 89 Y 79 121 y 
14 26 SUB 3A 58: 5A 90 2 7A 122 2z 
1B 27. #&ESC 3B 59 53 6OOlStstéC# 7B 06123 
: 1c 28 FS 3c 6=Cfd«Ns—é< 5c 92 = «\ 7c 0 «124 =O 
ID 29 GS 3 61 = 5D 93 J 7D 86125} 
1E 30. RS 3E 42=620—=—C> 5E 94 * 7E 126 ~ 
. IF 31 US 3F = «6338t—é‘(? 5F 95 7F 127 DEL 
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APPENDIX B 
ERROR MESSAGES 


The MACRO8000 error messages are error descriptions rather than error 
numbers. The first part of the error message specifies: 


(WARNING ) 


or indicates the functional part of the assembler that generated the 
message: 


(ADDRESS RESOLVER ) 
(CODE GENERATOR) 
(INPUT CONVERT) 
(LEXICAL) 

(FORM) 

(DEFINE LABEL) 
(STATEMENT ) 

(EVAL) 

(SYNTAX PROCESSOR) 
(FOR LOOP) 
(EXECUTIVE) 


The second part of the message describes the specific problem or 
provides additional information: 


q RELATIVE ADDRESS OUT OF RANGE: value 
ODD ADDRESS BOUNDARY DETECTED: value 
UNDEFINED LABEL: value 
UNDEFINED MACRO: value 
INVALID NUMBER OF OPERANDS: value 
MISSING FLAG DESIGNATOR: value 
MISSING CONDITION CODE FLAG: value 
MISSING CONDITION CODE: value 
INVALID MODE: value 
a INVALID REGISTER DESIGNATOR: value 
R STRING TOO LONG: value 
MISSING OR INVALID IMMEDIATE (CONSTANT) OPERAND: value 
MISSING VI OR NVI: value 
IMMEDIATE OPERAND TOO LARGE 
DIGIT EXCEEDS RADIX 
RADIX EQ 0 
MISSING (*): END OF LINE OR INVALID CHAR (LT #20) 
. RADIX TOO LARGE 
INVALID NUMBER FORMAT 
MISSING OR INVALID OPERAND: value 
MISSING ) 
MISSING ] 
LABEL SAME AS MACRO OR OPCODE 
INVALID LABEL IDENTIFIER: value 
UNRECOGNIZED STATEMENT FORM: value 
INVALID INITIALIZATION VALUE: value 


INVALID LOCATION COUNTER RESET: value 
NOT YET IMPLEMENTED | | | 
MISSING END 

MISSING OR INVALID STRING 

MISSING = 

INVALID IN MACRO BODY 

MISSING OR INVALID INTEGER 

INVALID MACRO STATEMENT 

MISSING OR INVALID IDENTIFIER 
REDEFINITION OF IDENTIFIER: value 
INVALID UNARY * OPERAND: value 
DIVISION BY 0 

MISSING DELIMITER: value 

INVALID DEFINITION 

UNDEFINED EXPRESION: value 

MISSING CONDITION CODE: value 

MISSING END. (OR EXTRA END) 

INVALID STATEMENT BEGINNER: value 
LOCATION COUNTER ADJUSTED TO EVEN ADDRESS BOUNDARY 
MISSING STATEMENT TERMINATOR: value 
MISSING OR INVALID MODULE STATEMENT 
MISSING OR INVALID SEGMENT ATTRIBUTE SET: value 
MISSING OR INVALID SEGMENT NAME: value 
INVALID PORT REGISTER: value 

SEGMENT STACK UNDERFLOW 

SEGMENT STACK OVERFLOW 

INVALID STATEMENT -— NON-RELOCATABLE MODE 
FATAL ERROR — ASSEMBLY TERMINATED 
MISSING OR INVALID CONST OBJECT 
PRODUCT CALL OVERRIDE 

ERROR COUNT OVERFLOW 

ILLEGAL CHARACTER: 

HEX CONSTANT TOO LARGE: 

MACRO STACK OVERFLOW: 

FATAL ERROR —- ASSEMBLY TERMINATED 

FILE STACK ERROR 

ERROR IN EXTENDING FILE - 

FILE SPACE OVERFLOW - 

DIRECTORY OVERFLOW - 

FILE CLOSE ERROR - 

ATTEMPT TO READ UNWRITTEN DATA - 
ATTEMPT TO READ BEYOND EOF - 

UNABLE TO OPEN INPUT FILE - 

OBJECT SPACE OVERFLOW 

RELATIVE ADDRESS OUT OF RANGE: 

ODD WORD BOUNDARY DETECTED: 

UNDEFINED LABEL: 

CONFLICTING OPTION — RELOCATABLE FILE CREATED 
INVALID OPTION(S) 

EMPTY INPUT FILE 

ILLEGAL FILENAME 

MISSING ; OR END 

MISSING : OR END 

UNRECOGNIZED STATEMENT FORM 


f ; 


APPENDIX C 
NOTATIONS 


This appendix is intended for quick look-up of terms and also as a BNF 
(Backus-Naur Form) description of the MACRO8000 assembler. 


Notations are used throughout this manual, and a notation like exp (for 
numeric expression) or cc (for condition code) means the same thing 
whenever it appears. 


Low-level items: 


<identifier> ::= <first character> 
| <first character><character sequence> 


<first character> ::= <letter> | @ 
<letter> s:= ..eeletters A through Z and a through z 
<character sequence> ::= <character> 


| <character><character sequence> 


<character> ::= <letter> | @ | <digit> | _ 
<digit> ::= ..edigits O through 9 
<delimiter> <:= <space> |, 1 C1 ) 
| BEGIN | END | THEN | ELSE | IN | DO 
<space> 23= .«eecharacter blank 
<comment> s:= Ztext | (*text*) 
<text> ::= ...eany ASCII characters 
<constant> :2:= nnnn | nnnnD eeecharacter allowed 
nnnnB as noise character 


| 

| nnnnO | nnnnQ 
{| nnnnH | #nnonn 
| 

| 


nnnnk 

b#nnnn 
<string> 2:= ‘text’ | <string> & <string> 
<list> ::= (<operand list>) 


Items used in constructing valid statements: 


<module> ::= <MODULE directive); 
<statement sequence> 
END. 


<statement sequence> 


<statement> ‘ 
<label name> ans 
<single statement> > 


<compound statement> 


<statement beginner> -3 


<redefinable beginner> :: 


<opcode> ee 


<reserved beginner> 


<defined beginner> 


<macro name> 


<operand list> 


<operand> 


<statement> 
| <statement> ; <statement sequence> 


<label name>: <statement> 

| <single statement> 

| <compound statement> 

<identifier> eeeany except reserved 
Statement beginner 


<statement beginner> <operand list> 
| <statement beginner> 


BEGIN 
<statement sequence> 
END 


<redefinable beginner> 
| <reserved beginner> 
| <defined beginner> 


<opcode> 
PROGRAM ORIGIN 
TITLE PAGE | EJECT | INCLUDE 
NOLIST LIST 


| | 
| | 
| | 
| MODULE | HEADER 
| | 
| | 
| | 


GLOBAL EXTERNAL | SEGMENT 
PAGEO EXT PGO | GLB PGO | MOD_NS 
MOD SEG | | 
<identifier> ...AmZ8000 instruction 
mnemonic 


BYTE | WORD | LONG | STRING 
| CONST | VAR | MACRO 
| IF | FOR 


<macro name> 


<identifier> ...any except reserved 


statement beginner 


<operand> 
| <operand>, <operand list> 


<exp> eeeIM operand 
| <reg> eeeR operand 

| <rv>* eee LR operand 
| <lab> «»-DA operand 
| <lab>(<rw>) oeeX Operand 

| <rv>*(<exp>) ««+BA operand 
| <rv>*(<rw>) «+eBX operand 
| <lab> «eeRA operand 
| 


<address operand> 


<address operand> 


<exp> 


<reg> 


<rb> 


<rw> 


<rr> 


<rq> 


<rv> 


. <ee> 
<flag> 
<interrupt> 


<symbolic constant> 


<object variable> 


| 
| 
| 
| <control word> 
| 
| 
| 


<reserved type> 


“<lab> 

| *<Xlab>(<rw>) 

| *(<rv>*(<exp>)) 
| *(<rv>*(<rw>)) 
| *<lab> 


éconstant> 

| <exp> * <exp> 

| <exp> / <exp> 

| <exp> MOD <exp> 
| <exp> SHR <exp> 
| <exp> SHL <exp> 
| - <exp> 

| <exp> + <exp> 

| <exp> - <exp> 

| NOT <exp> 

| <exp> AND <exp> 
| <exp> OR <exp> 

| <exp> XOR <exp> 


eeeIM operand 
ooeX Operand 
-«+BA operand 
oe eBX Operand 
ee eRA operand 


<rb> | <rw> | <rr> | <rq> | <rw> 


RHO | RLO 

| RH1 | RLI 
| RH2 | RL2 
| RH3 | RL3 
| RH4 | RL4 
| RH5 [| RL5 
| RH6 | RLO6 
| RH7 | RL/ 


RO | Rl {| R2 | R3 


| R4 | R5 | R6 | R7 


eeebyte register 


«sword register 


| R8 {| ROY | RIO | RII 


| R12 | R13 | R14 


RRO | RR2 

| RR4 | RR6 

| RR8 | RRI1O 
| RR12 | RRI14 
RQO | ROQ4 

| RQ8 | RQ12 
<rw> | <rrd> 


| RLS 


eeeregister pair 


eeeregister quad 


eeeversion register: 
word for Z8002, 


“C=3 


<lab> 


<addr constant> 


<eo> 


<logexp> 


<comparisom 


<numeric.comp> 


<string.comp> 


<register.comp> 


<equality.op> 


<signed.op> 


pair for 28001 


<identifier> 

| S$ eeelocation counter 

| <lab>(<exp>) -eselabel with offset 

| <constant>* eeeabs. addr. constant 
| (<exp>)* eeeabs. addr. constant 
“*<lab> 


| <addr constant> + <exp> 
| <addr constant> - <exp> 


GE | LT | GT | LE 
LGE | LLT | LGT | LLE 


TRUE | FALSE 
| NZ | ZR 

| NC | CY 

| PO | PE 

| PL | MI 

| NE | EQ 

| NOV | OV 
| 

| 


<ce> 

| <comparison> 

| NOT <logexp> 

| <logexp> AND <logexp> ...not with <cc> 
| <logexp> OR <logexp> eeenot with <cc> 
| NULL <object variable> 


<numeric.comp> 
| <string.comp> 
| <register.comp> 


<exp> <equality.op> <exp> 

| <exp> <signed.op> <exp> 

| <exp> <unsigned.op> <exp> 

| <exp> <equality.op> <string> ...string 
| <exp> <signed.op> <string> 4 chars 
| <exp> <unsigned.op> <string> or less 


<string> <equality.op> <string> 
| <string> <unsigned.op> <string> 


<reg> <equality.op> <exp> 
| <reg> <signed.op> <exp> 
| <reg> <unsigned.op> <exp> 
| <reg> <equality.op> <reg> 
| <reg> <signed.op> <reg> 
| <reg> <unsigned.op> <reg> 


EQ | NE 


GE | LT | GT | LE 


= 


<unsigned.op> = 


<flag> os 
<interrupt> os 
<control word> 235 
<symbolic constant> $3= 


<object variable> 


<reserved type> 23 


<operator> oem 
<arithmetic.op> os 
<logical.op> oem 
<external.op> te= 


Individual directive items: 


<PROGRAM directive> re 


<ORIGIN directive> oo 


LGE | LLT | LGT | LLE 


CY | ZR | SGN | PY | OV 


VI | NVI 


FLAGS | 
| NSPSEG 


FCW | PSAPSEG 
| NSPOFF 


| PSAPOFF 
| REFRESH 
<identifier> eeeany identifier 
with an operand value 
(except an operator, 
delimiter, condition 
code, flag, interrupt, 
control word, or 
reserved type) 
<identifier> eeeany identifier 
with an operand value 
(except an operator, 
delimiter, condition 
code, flag, interrupt, 
control word, or 
reserved type) 


OBJECT 


<arithmetic.op> eeenumeric operations 


| <equality.op> es comparison 

| <signed.op> ee comparison 

| <unsigned.op> ee-comparison 

| <logical.op> ee emult. comparisons 
| 


<external.op> «especial EXTERNAL 


Operator 


| & ee concatenate 

| 3:35 ee -Object variable 

| NULL ee-Object variable 
a ie | 

| MOD | SHR | SHL 

ee ee 

| HIGH | LOW | SWAP | NOT | AND | OR | XOR 


NOT | AND | OR 
<label>#i# 
PROGRAM <lab> ee eentry point 
ORIGIN <exp> 


| ORIGIN <lab> 
| ORIGIN <addr constant> 


<BYTE 


<byte 


<byte 


<WORD 


<word 


<word 


<LONG 


<long 


<long 


directive> 
list> 
value> 
directive> 
list> 


value> 


directive> 
word list> 


word value> 


<STRING directive> 


<CONST directive> 


<constant list> 


<constant def> 


<VAR directive> 


<variable list> 


<MACRO directive> 


<parameter list> 


<parameter> 


BYTE (<exp>) «sereserves space 
| BYTE: <byte list> --edefines values 


<byte value> 
| <byte value>, <byte list> 


<exp> 

| <string> 

WORD (<exp>) es .ereserves space 
| WORD: <word list> --edefines values 


<word value> 
| <word value>, <word list> 


<exp> 

| <string> 

| <lab> 

| <addr constant> 

| *<lab> - “<lab> eeeif both defined 


LONG (<exp>) ee ereserves space 
| LONG: <long word list> ...defines values 


<long word value> 
| <long word value>, <long word list> 


<exp> 


| <string> 
STRING: <byte list> eeeSaves length 
CONST <constant list> 


<constant def> 
| <constant def>, <constant list> 


<symbolic constant> = <operand> 
VAR <variable list>: OBJECT 


<object variable> 
| <object variable>, <variable list> 


MACRO <macro name> 
| MACRO <macro name> <parameter list> 


<parameter> 
| <parameter>, <parameter list> 


<object variable> 


< 


M 


<IF directive> 


<FOR directive> 


<TITLE directive> 
<PAGE directive> 
<EJECT directive> 
<INCLUDE directive> 
<NOLIST directive> 
<LIST directive> 
<MODULE directive> 
<HEADER directive> 


<string list> 


<GLOBAL directive> 
<EXTERNAL directive> 


<SEGMENT directive> 


<segeattr> 

<EXT PGO directive> 
<GLB PG) directive> 
<PAGEO directive> 
<label list> 
<MOD_NS directive> 


<MOD SEG directive> 


ee 


IF <logexp> 
THEN <statement> 
| IF <logexp> 
THEN <statement> 
ELSE <statement> 


FOR <exp> DO 
<statement> 

| FOR <object variable> IN <list> DO 
<statement> 


| FOR <object variable> IN <string> DO 
<statement> 


PAGE <exp> 
EJECT 

INCLUDE <string> -eefile name 
NOLIST 

LIST 

MODULE <string> «eemodule name 
HEADER <string list> ..-header lines 


<string> 
| <string>, <string list> 


GLOBAL <lab> 
EXTERNAL <lab> 
SEGMENT <string> 


| SEGMENT @PRIOR 
| SEGMENT <seg.attr> <string> 


eeeSsegment name 


[@cum] | [@CoM] 

EXT PGO <label list> 

GLB PGO <label list> 

PAGEO <label list> ! PAGEO 
<label> | <label>, <label list> 
MOD_NS 


MOD_SEG 


APPENDIX D 
HEX FILE FORMAT 


The assembler can produce hex files suitable for putting code into 
PROMs. Hex file creation is requested with the H option on the MACZ 
product call, as described in chapter 1. The format of a hex file is 
the INTEL hex file format: 


Colon, 1 character 


Data length, 2 characters (00 for final record) 


Record address, 4 characters (in final record, specifies entry 
| point) 


Relocation map 


Data, 2 through 32 characters representing 1 through 16 
byte values (empty for final record) 


Checksum, 2 characters 


CR/LF (carriage 


| 

| 

| | 
| | 
| | 
| | 
| | 
| | | return/line feed) 
| | 

VO 


eo 
A 
ee a ae iia ea 


ecm nase MRSS || eENETAND=meaeem SE srenmreeemtmmmMn enc  ePtnP  r P  EE EAEEEETENSEDY CME y tsa 


= 
i ? 
\ Fi 


APPENDIX E 
BINARY FILE FORMAT 


The assembler can produce binary files suitable for program 
downloading. Binary file creation is requested with the B option on- 
the MACZ product call, as described in chapter 1. The AMC binary file 
contains the type of address information found in hex files, but the 
data is in the more efficient hexadecimal representation. 


Each binary file contains an O01 group, an 02 group followed by one or 
more 03 groups, any additional 02 groups followed by one or more 03 
groups, and a 00 terminator. The format of each group is: 


Ol signal for main entry point, 1 byte 


Main entry point (transfer) address, 2 bytes 


=< 


| 
| 
| 
V 


LS en 


02 signal for destination address, 1 byte 


Destination address for following data, 2 bytes 


<< — 


| 
| 
| 
V 
1021 | 

O03 signal for data, 1 byte 


Data length, 1 byte 


Data, 1 through 255 bytes 


<e-r- _— - 
<—_— 


| 

| 

| 

| 

| 
V 


1031 | | 


00 signal for terminator, 2 bytes 


| 0000 | 


ce 


ee eC 


orn 


ADC 6.6665 66640446 654 Se Uae OH 20 
AD GB 4:50 sela sip ooh. odd 308 o eee O27 U 
ADD s:c$see see eewwe eee eee ee O=20 
ADDB ss 6 seid iKs05. 65600 e nee ssw Orl0 
ADD lis: sies wow 6546 860.6 6b eee oes ee OH ZU 
ANDsd'42 6s saw Sweetened <saeas a eOe 30 
AND Brag ie ce e.os wie So oe 68 2 6 oe ee 030 
Arithmetic instructions.......6-20 
ASCII Mise tebe nieew oe tees es ewenal 


BA OperandScecoccccvcscccsccecera1 
Base AddreSS ives ew cc svc eecceee 210 
Base indexedeccecccvecccvcccceera ll 
DE es6e Wee wae ses we wee eeeO 47 
Bit manipulation 
instructionSeccccccccccecccce e042 
Bil LB s:4:6'wiw bes bile eee eese ste 6c OS4Z 


BNE o's d06:3-60.0:6 60S Wi wow Bie eee eeew lol 
BX OPCLandS ccccccccccccsccccceesa-1l) 
BYTE GLiTGCliVGs é 6-016 46644445408 3-2 


CALLS 60,66 a0e6s.6s SG s 0 6026050066 O00 
CALR 0.46 06:6 6 64466 0%. 00'0e000 60%: 60-06 
Clear instructionsS.cccccccceeeeO-6 
CLR 6666660026 Wess e oe ee eee ese se 0-0 
CLRB o4:s-6e:saw are Sele 6 ee eae se ee es 20-0 
COM 56:0 e000 ne 4ee 6 6 2 Wee oeseeee O07 30 
COMB oe:s0-'6 6 00-40 Corde ee0 60 eee es OR lS 
COMFLGe cc ccccccsccccccccccsces0-/0 
COMMENTS cccscccsvccccescccscseel~L 
Common SEQMEeNtSeccccccccccccvees I~) 
Compare instructions..........6—30 
Compound statementecceccccccccer—l 
Condition cOdeSeccccccccccccser2—ll 
CONST directivecccccccccccccees I~) 
CONSTANTS cccccccccccccescew— I, 2-14 
Control registerSececcccccevee2t-l2 
CPecccccccccccccccccsce 20-48, 6-50 
CPBeeccccccccccsccccese e048, 6750 
CPD a ccccccccccveccsccsccccccs oO) 
CPDBeccccccccscvcccsecccesess 2070 
CPDRecccccccccccccccsccccecss 0070 
CPDRBecccccccvccccccesssecccs 000 
CP ya's woe 0.0.6 66 0 0.0se 6 oo 4.66,046 07 D0 
CPIB 6.0.08 5000-0 see s.60'06 000606 030=00 


INDEX 


CPLR ose. ove ere ecd ae eereleeare eae a Mees OHO 
CPIRB ws 464 sdieweeeee esa GureeeucOR OZ 
CPS Dida. e-ecerere ceo Se ered-wide 6:40 eae OS OZ 
GPSDB ieter eS eawiaen dows see ees Oe OZ 
GCPSDR 8 %.66 «6-6-4666 b ONO 6b eee SOh OZ 
GPSDRDB pos siece ocs'be 6s eovew wie oe oe e022 
CPS ls sees eersiees eee a oeeeweee Ome 
CPS [Bs ses 04 se 66S wieuie ea toeeeswe Om 
CPS LR o1sre-sbis wie SO ae Se wes Ow ew ee OH OZ 
GPS IRB o:04:056-s6 6 owe sw 006 ee ea ee OS Oe 
CPU control instructions......6—-/0 


DA OperandSeccecccccccccccvccser—S 
DAB werd siviuwe @ sre wGa- oes Gee eeie-eee'e 020 
DBINZ s:exsi9- 4:00 26.4.6 Gwe 0560 0200 
DEC ibe Obt ieee es Oe eedes oeeeeeOr7Z 
DE CE erence. es-ateerete es 6:6 See ewe See OR ZZ 
D@limi COTS 604.605.6606 44s swesecwl—2 
Doser Oe.0 a era we reeatee we eae ae ae eee Oe 
Direct addresSccccccccccccccveesl9 
DILOCCIVES kis Se Sess Sees eee Z2—4 
DLV oe dreusso'd oo6 ete ess Sears ww b-o8 es wees ORZZ 
DLV Libedieoece b.6.6 S46 SS eee ees 6 OS ZZ 
DN each ebb oo Se OS Awe 6 6 SOOO 


Effective address 

mManipulatione cesecvcccceveseceser—~l3 
Lilie ece- Wig: 916 ts ele Sree SS eS ere el es ereeen's OT LO 
EJECT directiveccoveccccsececed~l2Z 
EYYOr ME@SSALCSececccccccccccccseeb~l 
EX o:'6:4ie, 016.0 058.06, 000 eo 06.0 0 000 66 60-0 
EX Bios 6: 6.616 Wee 6.6.8. 0.0.0. 6.60 00's 6 o.0's.e0 0-0 
Exchange instructionS....eecese 6-6 
EXPreSSiomS eecccccccvesccccceeeld—O 
EXTERNAL directive. ccccccecceee—O 
EXT PGOceccccesscccccesccesseesI~& 
EXTERNAL symbol (##)scccccseee 5-8 
EX'S 6-066 60.00.00: 06 0:00 640s 060600724 
EXTSBecccccccsvccccsccccccsc ce sO 24 
EXTSLeccccccccccccccccccccccs 0-24 


FlagScccccccccccccccccccccccccs—ll 
FOR GL VTOCtI Ves és sew se oswseewes SLO 


GLB PGOccccccccccesccccssvccees “8 
GLOBAL GL PECtivessé646 655466064000 


INDEX (Cont.) 


HALT. @ee@eeeeeae eevee eee 0e202802089880808808080 -6-/0 
HEADER directive. eeeeono0e0020208088080800 05-3 
HIGH. @eeaee@oes00d020200020008088028088088 808808 8 @ 2-6 


Identifiers. ccvccccccccccccccesls 
IF directivescecccccvcsccccsecsces—/ 
IM OperandSeccccccvccccccccsceceel—~) 
Immediateeccccccccccccccscccceel~) 
TNecccccvcccccccccecccceseeces0@I5 
INBeccoccccscccesccscssecsseee 0m IO 
INC ccccccccvescccsccccvecscess0—-24 
UINGBic.a::e- sss tae es ols wieeeeee ee e074 
INCLUDE directiveccccccccccccedI~1l2 
LIND shoo e566 6:0 09 S600 SACOG 
INDB ew ccccccccccccccescccsese 00-98 
Indexedecccccccccscccvveccssecccea li) 
Indirect registerecccccccccccce2—& 
INDR ie:4:6-6:0 9:6 0:6'0066:0:0:8 6 6600.06 4 08070 
INDRB o::4:6-0:4 8 40s oes 5.46 06 e000 * 46 O=98 
TN lis.s'6:6' 64.66 0w6 0-4 Ow eawieee s 2e00-900 
INT Becccccvccscccecveccessssee0@ D8 
INTReecccccccccccccsecccccces 20750 
INT RB ccc ccccscccveccccvcsess e208 
Input instructionSeeccccceccee c0-98 
INCeErruptS ecccccccccccscseceser 12 
IR operandSecccccesccccccsssesees—o 
TRE [os 6Wieuere dew eee Se KSe0e eee ee 0-06 


oy Peeve A: verenbveserk O06 60 O56 COS COMES 


sl Rie obo S'S 656. 66% Weretecerele'e-eee ee we O-4> 


LADELS 6.64 0.06400 6060-05468 bee ee eec—3 
LD cccccccceccccccse e078, 6-10,6-12 
LDBeccccccccvccccees 0078,6-10,6-12 
TG DCT liewwiee e500 tee Gree ea oe wee eee OSLO 
DG LLB 66:86. 000s 0 05.44 0 os 6008 6s SOS LZ 
LDDs ei6:Soretk 56-66-0640 so 604:6404 4480516 
TED DB so: wie:6: 6 :6:6 0:60 06 66-60 00-000 00s oO LG 
DD Rie: 6\e 6.6 666.0 68 wees SeeeeeweeO= lO 
LEDDRB 6:0: 6-0::8:0.06 wwe 6 e:00' a0 e-0-4 6440-16 
LGD) TL orstie aire aie\ ebay eae. 0:4 @rase So aw awe OT LO 
DDL Dives: 66:06 6is 0S eee Sawa eee OS lO 
LDTRaie66e 446660000866 ee eee OH 16 
LD LR Bik6 6.050 0460s 604040 60 406600—-16 
LDR wo o-84 0:08 00600 200 See tee Seem LZ 
LDLeccccccccccccccccccces 00-8, 6-10 
Ls DM vesa6 06 0:06. 00a 0S 0 ee wae 06 ec OH LO 


[=2 


LDP SS 4sibise os wie oc ewes alee eee eec0-7z 
LD Reece's oe-wb: 6666060666 bese sae Om l4 
TDR De ieiene: 6. 616i ese Mw he-0 0 alee ose eee OT LS 
LDR lis-s:o60e we wets eee ew eeee eee eOrl4 
LIST directiveccccccccccccvsece 3-13 
L1G ES owed 66.54.06. SS RS ea eeew eco lt 
Load instructionS.ccccccccccce 0-6 
Location countereecccccccccsevsera—l2 
Logical instructionsS....eee.. 6-30 
LONG directiveeccccccccccccsece cs 34 


Li OW o:024-60 616 We: S060 0. OLS 2A SOROS LTO 


MACRO directive ssiseseccsscseecd=l 
Macro parameterSecececccccccece e4—2 
MACTOG 0s 464-4:68.06 5966446 Sena eee cee 
MACZ 66-60 wes es-06 4464465450405 666 1 2 
MBL ld ole eere-0 4.0 o's os Os O-e:S ee ae oe OKI 2 
MESSAZES cccccccccccccccccccccceb=l 
MODNG -casgsmwnaius dceue liveness DST 
MOD GEG sinassesiewasisciaceaeees IST 
MODULE directiveccccecccccseceses 3 
MREO wo:s:s'sie 0 Sines 660-655 646.506 OSL 
MR Ei O’sisis/ 1s 076 aie, 4. 01.0 6:06 w base awe ese Om 2 
MSE [ oxeioe 610.006 6 ward eos ere dae ee Sere MOET Z 
MULT ae er8-6 4:00-6:6,46 od 0's e Sees O24 
MUTT lie: esele-0 0.06.0 eee eae ers ose OEZ4 


NE Ge ewawiee-e0e se 64eewwee en eaeuseOnl4 
NEGB 60:00:00 Ws dscew 6 o6 66 Swe eee ee O24 
NOLIST directivececccccccceeeed “13 
NOP 6s ocd eisiereie wise Siew 6.8060 See seas 4 
Numeric conStantScecccsccscecseeld™) 
Numeric expressionSecccccccccee2—6 


Object variableSeccocccccccceel2—“15 
OpcodeSecccccccccvscscccccccccs el ~4 
OperandScceccccccsescsscceccscceena™) 
OReescccccsccccccsccvecesssses0—32 
ORBecccsccecsscccsscvcccsvecss07 2 
ORIGIN directivesccccccccccceseeot—2 
OTDReevvcccvcccccccccccccecee 0-00 
OTDRB ec ccccccccccevcccccccsess07~60 
OTT Reecnccccccccccscccccccces 00-60 
OTIRB ce cccccccccvccccccsccccces e060 
OUT se os:eiore os Re w'60 W060 00s ee: 6 00 OT O00 
OUT Uw sie-e eee s ae6s se areaie daisies 0-00 
OUTD.ccccccccccccccccescccecse6—60) 


OUT DB siwco:0.0-4.0 ores 5006-00 eeeew ese 00 
OUT 1é.s6'0 6-00 es Wa eeww oes ew-ceeecO-60 
OUT I Bisiers ore. 676.010 60.9 006-06 46.@o%-e O00 
Output instructionSe...ccccece 6-908 


Port Address operands....e.-e-2-11 
PAGE directives ccccccccccccsee3—l2 
PACHOs Seek v cde eee tues eves erase el-S 
POP o:0:0e:e58 a,016-b-0'4-0 5.0% 040 oee-050 60510 
PUP LiswweCeC ees ieee sees eeseeseO-L6 
Port addresSecsecccsecsssesses2—-18 
Port repistereccceccccccvccsee2 10 
PR OperandSeccccccccvccccccseseerll 
Prior Segmentcccccccccccccccce eI) 
Product calleccccvecscccsvccsvvel—s 
Program control 
instructionSecccccccccccscceee e006 
PROGRAM directivececcceccccccccd~l 
PUS Hee sn 6weG-0w see ee 6h Sewanee wesc 1G 
PUGHis 600:4 ee0GauwsiewsasoueeeeiO—16 


R Operands ccocccccccvccsscvcccel/ 
RA OperandS cceccccccccccccscceser~9 
RegisterSccccvccccccccccccccscced—/ 
Relative addreSS..ccccccccsecceer—9 
RES ti6o404-b:00.beweweees<eee 0-42 50-44 
RES e-eicin's s-00e0wiee 406086046042 ,0=44 
RES EUG edie a's oils auer'eei ees eteieieas eee 74 
Ril gies aitette eis (o:0) oa) ete aoe se eeeees e306 
R liste 6 aves 0.er0 ee Swe Wie ater ears sD 36 
RB eére.'ae 6-00 sees @ o.0e 46 ewes cee 0-30 
RUG seo. ard Gistere Sie a oe ewes e wee OOO 
RG Bie:sie aia eres ed ane Sco ee-0es eae eee OT OD 
RLDB 018 0.00460 W-e-siee Saaieew wee eteOr Od 
Rotate instructionS..e.eccer.se 0-38 
RRu Goa soe eee ees teen ewes eee O30 
RE Bis teieiorstoieraree wuswinsde eee veueew sels 
RRG G:G:s 6.4 eS 0 susie eS -08: 6 64S ere- ee OOO 
RRGB e:o:sie e's: 6.89.0 eid W406 06 6.06 004s eet OT 0 
RRDB s:0@ se 6 60-0. 0-0'60'060-0 0050066400730 


SBCecccccccccvcccccccccccscess0-24 
SBCBeccccccccccccesccccssecs es c0m~l4 
SCocceccccccscccccccccccseces c0-08 
SDA cccccccccccccccccccccecces 0-38 
SDABecvcccccccccccscscccceses 20-38 


INDEX (Cont.) 


SDA lisisxo ose. 6ew 6 6 Wielee ene eele eee eae 0=30 
S Dis be oe OS ew eee Oe oe 8 eee CORO 
S DB ss-9:4 6 oeree ares ere ree seas oes O40 
SD LG se:b:0s 40s6e 6 ASS i 6eree~e cD E40 
SEGMENT directivececcccccccceses I~4 
SEN 66) ie -Gie .Oenecebewd we ereseee 644 Se atee ee O44 
SE [Bisve-o3is. 4:5 066 66646 04 oie ieee R44 
SE LP LG Jie twee ww eedaeleeeseeeme 0-74 
Shift 

INSUTUCE LONG 6 6.6 ewes 6A646-64:6407 598 
SEN w siexere-o. se 6a wie eo 0 See we 08s O02 
S LNB 6: 4 csre. 450. 8066604 Sis 6 W640 Ss 0s OT OZ 
SIND 0.6006 wwie-6 eee oe wwe eeeereaee c0SO7 
SIND Ewes es 6 6 aewiee a sae e e's ese eH O7 
SIND wo 4s:e-e-e:% 04-40 6 60 w ere eee ee SOS OZ 
SUNDER D ost os.6desese sees ee ces Or O07 
Single statement eccccccccccccccesl 
S LN leweikeid ois eee eb 4's aie-6 a eieteres oe 60702 
STN Lbs w/ssusb 60st eewew eee w aes OT OZ 
SUNT Risso 5664 406.0845 05 446060 5054 0—02 
S LN ERB o:0:e, 46 ete e\s wins b ee ereieteeree.ee OT OZ 
SEA isis wie 6 os Seas 0 Ooo a oe wel OH 40 
S GAD o-s4s-ere-s- Ss esre Sik oe ee see eseeen Ona 
SUR lies eraeie aie wees we ecare ee wieteteree sO 40 
S lilies te bas 4s ba ee se we ae see O— 40 
SU LB sisso sesso edes ses eerwswwec0740 
SGT eite:tei's- wlan 6-5 eaters eS eteteree were ic O40 
SOTDR «06 dies oboe Gow hese wes 4 O04 
SOTDR Bis: sso eisieus a ae0eews eewees< OF 04 
SOTI Rs o6s see ween sieewew eee cues 0-04 
SOLER Bis-«0wsesaek «are Sewwuaw eee waOrO4 
SOU Vedio ie w:-o.6-S esse Soho oe sds so wre sO 04 
SOUT Binwsie See eee Gees eee eee OOF 
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